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PREFACE. 



Nearly all who have written Treatises oa Astronomy, designed for 
young learners, appear to have erred in one of two ways ; they have either 
disregarded demonstrative evidence, and relied on mere popular illustrap* 
tion, or they have exhibited the elements of the science in naked math- 
ematical formulae. The former are usually diffuse and superficial ; the 
latter, technical and abstruse. 

In the following Treatise, we have endeavored to unite the advantages 
of both methods. We have sought, first, to establish the great principles 
of astronomy on a mathematical basis ; and, secondly, to render the 
study interesting and intelligible to the learner, by easy and familiar il- 
lustrations. We would not encourage any one to believe that he can 
enjoy a full view of the grand edifice of astronomy, while its noble foun- 
dations are hidden from his sight ; nor would we assure him that he can 
contemplate the structure in its true magnificence, while its basement 
alone is within his field of vision. We would, therefore, that the student 
of astronomy should confine his attention neither to the exterior of the 
building, nor to the mere analytic investigation of its structure. We 
would desire that he should not only study it in models and diagrams, and 
mathematical formulaD, but should at the same time acquire a love of na- 
ture herself, and cultivate the habit of raising his views to the grand 
originals. Nor is the effort to form a clear conception of the motions 
and dimensions of the heavenly bodies, less favorable to the improvement 
of the intellectual powers, than the study of pure geometry. 

But it is evidently possible to follow out all the intricacies of an ana- 
lytical process, and to arrive at a full conviction of the great truths of 
astronomy, and yet know very little of nature. According to our 
experience, however, but few students in the course of a liberal education 
will feel satisfied with this. They do not need so much to be convinced 
that the assertions of astronomers are true, as they desire to know what 
the truths arc, and how they were ascertained ; and they will derive from 
the study of astionomy little of that moral and intellectual elevation 
which they had anticipated, unless they learn to look upon the heavens 
with new views, and a clear comprehension of their wonderful mechanism. 

Much of the difficulty that usually attends the early progress of the as- 
tronomical student, arises from his being too soon introduced to the most 
perplexing part of the whole subject, — the planetary motions. In this 
work, the consideration of these is for the most part postponed until the 
learner has become familiar with the artificial circles of the sphere, and 
conversant with the celestial bodies. We then first take the most simple 
view possible of the planetary motions by contemplating them as they 
really are in nature, and aderwards proceed to the more difficult inquiry, 
why they appear as they do. 
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As many' of the figures of this work are too compUcated to be 
drawn OQ the black board at each recitation, we hare found it 
very convenient to provide a set of permanent cards of paste- 
board, on which the diagrams are inscribed on so laige a scale, aa 
to be distinctly visible in all parts of the lecture room. The let- 
ters may be either made with a pea, or better procured of the 
printer, and pasted on. 

The cards are made by the bookbinder, and consist of a thick 
paper board about 18 by 14 inches, on each side of which a 
white sheet is pasted, with a neat finish around the edges. A 
loop attached to the top is convenient for hanging the card on a 




INTRODUCTION TO ASTRONOMY. 



PKELUONART OBSERVATIONS. 

1. AsTRONOMT 19 thot sdence which treats of the heavenly bodies. 

More particularly, its pbject is to teach what is known respect- 
ing the Sun, Moon, Planets, Comets, and Fixed Stars ; and also to 
explain the methods by which this knowledge is acquired. Astron- 
omy is sometimes divided intcf Descriptive, Physical, and Practi- 
cal. Descriptive Astronomy respects ybcto / Physical Astronomy, 
aiuses ; Practical Astronomy, the means of investigating thefacts^ 
whether by instruments, or by calculation. It is the province of 
Descriptive Astronomy to observe, classify, and record, all the 
phenomena of the heavenly bodies, whether pertaining to those 
bodies individually, or resulting from their motions and mutual 
relationf^. It is the part of Physical Astronomy to explain the 
causes of these phenomena, by investigating and applying the 
general laws on which they depend ; especially by tracing out all 
the consequences of the law of universal gravitation. Practical 
Astronomy lends its aid to both the other departments. 

2. Astronomy is the most ancient of all the sciences. At a 
period of very high antiquity, it was cultivated in Egypt, in Chal- 
dea, in China, and in India. Such knowledge of the heavenly 
bodies as could be acquired by close and long continued observa- 
tion, without the aid of instruments, was diligently amassed ; and 
tables of the celestial motions were constructed, which could be 
used in predicting eclipses, and other astronomical phenomena. 

About 500 years before the Christian era, Pythagoras, of 
Greece, taught astronomy at the celebrated school at Crotona, and 
exhibited more correct views of the nature of the celestial mo- 
tions, than were entertained by any other astronomer of the an- 
cient world. His views, however, were not generally adopted, 

1 
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but lay neglected for nearly 2000 years, when they were revived 
and established by Copernicus and Galileo. The most celebrated 
astronomical school of antiquity, was at Alexandria in Egypt, 
which was established and sustained by the Ptolemies, (Egyptian 
princes, ) about 300 years before the Christian eta. The employ- 
ment of instruments for measuring angles, and bringing in trigo- 
nometrical calculations to aid the naked powers of observalioo, 
gave to the Alexandrian astronomers great advantages over alt 
their predecessors. The most able astronomer of the Alexandrian 
school was Mipparchua, who was distinguished above all the an- 
cients for, the accuracy of his astronomical measurements and 
determinations. The knowle^e of astronomy possessed by the 
Alexandrian school, and recorded in the Almageat, or great work 
of Ptolemy, constituted the chief of what was itnown of our 
science during the middle ages, until the fiAeenth and sixteenth 
centuries, when the labors of Copernicus of Prussia, T\fcho Brahe 
of Deimiark, Kepler of Germany, and QaHleo of Italy, laid the 
'solid foundations of modem astronomy. Copernicus expounded 
the true theory of the celestial motions ; Tycho Brahe carried 
the use of instruments and the art of astronomical observation to 
a far higher degree of accuracy than had ever been done before ; 
Kepler discovered the great laws of physical astronomy ; and 
Galileo, having first enjoyed the aid of the telescope, made innu- 
metable discoveries in the solar system. Near the beginning of 
the eighteenth century, Sir Isaac Newton discovered, in the law 
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4. Astronomers of every age, have been distinguished for their 
persevering industry, and their great love of accuracy. They 
have uniformly aspired to an exactness in their inquiries, far be- 
yond what is aimed at in most geographical investigations, satis- 
fied with nothing short of numerical accuracy wherever this is 
attainable ; and years of toilsome observation, or laborious calcu- 
lation, have been spent with the hope of attaining a few seconds 
nearer to the truth. Moreover, a severe but delightful labor is 
imposed on all, who would arrive at a clear and satisfactory knowl- 
edge of the subject of astronomy. Diagrams, artificial globes, 
orreries, and familiar comparisons and illustrations, proposed by 
the author or the instructor, may afford ess^itial aid to the learner, 
but nothing can convey to him a perfect comprehension of the 
celestial motions, without much diligent study and reflection. 

6. In expounding the doctrines of astronomy, we do not, as in 
Geometry, claim that every thing shall be proved as soon as as- 
serted. We may first put the learner in possession of the leading 
bets of the science, and afterwards explain to him the methods 
liy which those facts were discovered, and by which they may 
be verified ; we may assume the principles of the true system of 
the world, and employ those principles in the explanation of many 
subordinate phenomena, while we reserve the discussion of the 
merits of the system itself, until the learner is extensively ac- 
quainted with astronomical facts, and therefore better able to ap- 
preciate the evidence by which the system is established. 

6. The Copemican system is that which is held to be the true 
system of the world. It maintains (I,) That the apparent diur- 
nal revolution of the heavenly bodies, from east to west, is owing 
to the real revolution of the earth on its own axis from west to 
east, in the same time ; and (2,) That the sun is the center around 
which the earth and planets all revolve from west to east, con- 
trary to the opinion that the earth is the center of motion of the 
sun and planets. 

7. We shall treat, first, of the Earth in its astronomical rela- 
tions; secondly, of the Solar System ; thirdly, of the Fixed Stars ; 
and fourthly, of Astronomical Observations and Calculations. 



FART I. — or THE EAETH. 



CHAPTER I. 



or THE riOURB AND DIMENSIONB OP THE EiBTH, AND THE DOC- 
TKINE or THS SPHCKE. 



8. 7%« figure of the earth is nearly globular. This fact is 
known, first, by the circuloi form of its shadow cast upon the 
moon in a lunar ecUpse ; secondly, from analogy, each of the 
other planets being seen to be spherical ; thirdly, by our seeing 
the tops of distant objects while the other parts are inTi»ble, as 
the tofaoast of a ^ip, while either leartng or approaching the 
shore, or the lantern of a light-hottse, which when first descried 
at a distance at sea, appears to glimmer upon the very surliice of 
the water; fourthly, by the depression or rftjio/iAeAortzon when 
the spectator is on an eminence ; and, finally, by actual obserrar 
tions and measurements, made for the express purpose of i^cet- 
taining the figure of the earth, by means of which astronomers 
are enabled to compute the distances from the center of the earth 
of various places on its sur&ce, which distances are found to be 
ogarly equaL 
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center of the earth, DAE the portion of the earth's surface seen 
from O ; OD, OE, Unes drawn from the place of the spectator to 
the most distant parts of the horizon, and CD a radius of the earth. 
The dip of the horizon is the angle HOD or ROE. Now the 
angle made between the direction of the plumb Une and that of 
the extreme line of the horizon or the sur&ce of the sea, namely, 
the angle ZOD, can be easily measured ; and subtracting the right 
angle ZOH from ZOD, the remainder is the dip of the horizon, 
from which the length of the line OD may be calculated, the 
height c^ the spectator, that is, the line OA, being known. This 
length, to whatever point of the horizon the line is drawn, is 
always found to be the same ; and hence it is inferred, that the 
boandary which limits the view on all sides, is a circle. More- 
over, at whatever elevation the dip of the horizon is taken, in any 
part of the earth, the space seen by the spectator is always cir- 
cnlar. Hence the surface of the earth is spherical 



10. The earth being a sphere, the dip of the horizon HOD=s 
OCD. Therefore, to find the dip of the horizon corresponding 
to any given height AO, (the diameter of the earth being known,) 
we have in (he triangle OCD, the right angle at D, and the two 
sides CD, CO, to find the angle OCD. Therefore, 

CO : rad. ::CD : cos. OCD. Learning the dip corresponding 
to dififerent altitudes, by giving to the line AO diJBferent values, 
we may arrange the results in a table. 

Table showing the Dip of the Horizon at different elevations^ 

from 1 foot to 100 feet. 



k''.et. 


/ // 


Feet. 


/ // 


Feot. 


/ /' 


1 


0.69 


13 


3.33 


26 


6.01 


2 


1.24 


14 


3.41 


28 


6.13 


3 


1.42 


15 


3.49 


30 


6.23 


4 


1.58 


16 


3.56 


35 


5.49 


6 


2.12 


17 


4.03 


40 


6.14 


6 


2.25 


18 


4.11 


45 


6.36 


7 


2.36 


19 


4.17 


60 


6.58 


8 


2.47 


20 


4.24 


60 


7.37 


9 


2.57 


21 


4.31 


70 


8.14 


10 


3.07 


22 


4.37 


80 


8.48 


11 


3.16 


23 


4.43 


90 


9.20 


12 


3.25 


24 


4.49 


100 


9.61 



O THE EABTH. 

Such a table is of use in estimating the altitude of a body 
above the horizon, when the instrument (as usually happens) it 
more or less elevated above the general level of the earth. For 
if it be a star whose altitude above the horizon is required, thd 
instniroent being situated at O, (Fig. 1,) the inquiry is how &r 
the star is elevated above the level HOR, but the angle taken is 
that abov« the Visible horizon OD. The dip, therefore, or tiie 
angle HOD, corresponding Ui the height of the point O, must be 
nibtiacted, to obtain the true altitude. On the Peak of Tenerifie, 
Humboldt observed the surface of the sea to be depressed on all 
sides nearly 2 degrees. The sun arose to him 12 minutes sooner 
than to an inhabitant of the plain ; and from the plain, the top of 
the moimtaia appeared enlightened 12 minutes before the risii^ 
or after the setting of the sun. 

11. The foregoing considerations show that the form of the 
earth is spherical ; but more exact determinations prove, that the 
earth, though nearly globnlar, is not exactly so : its diameter from 
the north to the south pole is about 26 miles less than through 
the equator, giving to the earth the form of an oblate spheroid,* 
or a flattened sphere resembling an orange. . We shall reserve the 
explanations of the methods by which this fact is established, 
imtil the learner is better prepared than at present to understand 
thetn. 
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▼olome of the globe, as hardly to occasion any sensible deviation 
from a surface uniformly curvilinear. The irregularities of the 
earth's surface, in this view, are no greater than the rough points 
on the rind of an orange, which do not perceptibly interrupt its 
continuity ; for the highest mountain on the globe is only about 
five miles above the general level ] and the deepest mine hitherto 

5 1 

opened is only about half a mile.* Now 7912" 1582' ^^ about 

one sixteen hundredth part of the whole diameter, an inequality 
which, in an artificial globe of eighteen inches diameter, amounts 
to only the eighty eighth part of an inch. 

13. The diameter of the earth, con- 
sidered 05 a perfect sphere, may be de- 
termined by means of observations on 
a mountain of known elevation, seen 
in the horizon from the sea. Let BD 
(Fig. 2,) be a mountain of known 
height a, whose top is seen in the hori- 
zon by a spectator at A, b miles from it. 
Let X denote the radius of the earth. 
Then 2:*+*^ =(2:+a)« =x' +2ax+aK 

b^ -a* 
Hence, 2ax=b^ — «*> and ir= — ^T^" • For example, suppose the 

height of the mountain is just one mile ; then it wUl be found, 

by observation, to be visible on the horizon at the distance of 

. ^ 6'-a» (89)»-l 7921-1 ^^^^ 
89 miles =6. Hence, ^a "^ — 2 — ^ — 2 = 3960 = 

radius of the earth, and 7920= the earth's diameter. 

14 Another method, and the most ancient, is to ascertain the 
distance on the surface of the earth, corresponding to a degree of 
latitude. Let us select two convenient places, one lying directly 
north of the other, whose difference of latitiide is known. Sup- 
pose this difference to be 1° SC, and the distance between the 
two places, as measured by a chain, to be 104 miles. Then, 

since there are 360 degrees of latitude in the entire circumference, 

, 24960 
10 30^ : 104: :360o : 24960. And 3l4i6=7944 




Sir John Herachel. 



The foregoing approxinuilions are sufficient to show that the 
earth is about 8,000 miles in diameter. 



16. The greatest difficulty in the way of acquiring correct 
views in astronomy, arises from the erroneous notions that pre- 
occupy the mind. To direst himself of these, the learner should 
conceire of the earth as a huge globe occupying a small portion 
of space, and encircled on all sides with the starry sphere. He 
should free his mind from its habitual proneness to consider one 
part of space as naturally up and another tfoum, and view him- 
sielf as subject to a force which binds him to the earth as truly as 
though he were fastened to it by some invisible cords or wires, as 
the needle attaches itself to all sides of a spherical loadstone. He 

Fig. 3. 




DOCTRINE OF THE SPHERE. 9 

17. A section of a sphere by a plane cutting it in any manner, 
is a circle. ChrecU circles are those which pass through the center 
of the sphere, and divide it into two equal hemispheres : Small 
circles y are such as do not pass through the center, but divide the 
sphere into two unequal parts. Every circle, whether great or 
small, is divided into 360 equal parts called degrees, A degree, 
therefore, is not any fixed or definite quantity, but only a certain 
aliquot part of any circle. 

18. The axis of a circle, is a straight line passing through its 
center at right angles to its plane. 

19. The pole of a great circle, is the point on the sphere where 
its axis cuts through the sphere. Every great circle has two 
poles, each of which is every where 90° from the great circle. 
For, the measure of an angle at the center of a sphere, is the 
arc of a great circle intercepted between the two lines that con* 
tain the angle ; and, since the angle made by the axis and any 
radius of the circle is a right angle, consequently its measure on 
the sphere, namely, the distance from the pole to the circumfer- 
ence of the circle, must be 90°. If two great circles cut each 
other at right angles, the poles of each circle lie in the circum- 
ference of the other circle. For each circle passes through the 
axis of the other. 

20. All great circles of the sphere cut each other in two points 
diametrically opposite, and consequently, their points of section 
are 1S0° apart. For the line of common section, is a diameter 
in both circles, and therefore bisects both. 

21. A great circle which passes through the pole of another 
great circle, cuts the latter at right angles. For, since Jt passes 
through the pole and the center of the circle, it must pa«« through 
the axis ; which being at right angles to the plane of the circle, 
every plane which passes through it is at right angles to the aame 

plane. 

The great circle which passes through the pole of another great 
circle and is at right angles to it, is called a secondary to that circle. 

2 
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22. The ai^Ie made by two great circles on the surface of the 
sphere, is measured by the arc of another great circle, of which 
the angular point is the pole, being the arc of that great circle 
intercepted betweeo those two circles. For this arc is the meaa- 
uro of the angle formed at the center of the sphere by two ladii, 
drawn at right angles to the line of common section of the two 
circles, one in one plane and the other in the other, which angle 
is therefore that of the inclination of thoae {danes. 

23. In order to fix the position of any plane, either aa the sut> 
foce of the earth or in the heavens, both the earth and the hear- 
ens are conceived to be divided into separate portions by circles, 
which are imagined to cut throagh them in various ways. The 
earth thus intersected is called the terrestrial, and the heavens the 
celeatial sphere. The learner will remark, that these circles have 
no existence in nature, but are mere landmarks, artificially con- 
trived for convenience of reference. On account of the immense 
distance of the heavenly bodies, they appear to us, wherever we 
are [daced, to be fixed in the same concave surface, or celestial 
vault The great circles of the globe, extended every way to 
meet the concave surface of the heavens, become circles of the 
celestial sphere. 

24. The Horizon is the great circle which divides the earth 
into upper and lower hemispheres, and separates the visible beav- 
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nctly under our feet The jdumb line is in the axis of the hori- 
fon, and conseqaently directed towards its poles. 

Erery place on the sor&ce of the earth has its own horizon ; 
and the traveller has a new horizon at every step, always extend- 
mg 90 degrees fiom him in all directions. 

26. Vertical circles are those which pass through the poles of 
ihe horizon, perpendicular to it. 

The Meridian is that vertical circle which passes through the 
north and south points. 

The Prime Vertical^ is that vertical circle which passes through 
the east and west points. 

27. As in geometry, we determine the position of any point by 
means of rectangular coordinates, or perpendiculars drawn fiN>m 
the point to [danes at right angles to each other, so in astron- 
omy we ascertain the place of a body, as a fixed star, by taking 
its angular distance from two great circles, one of which is per- 
pendicular to the other. The horizon and the meridian, or the 
horizon and the prime vertical, are coordinate circles used for such 
measurements. 

The Altitude of a body, is its elevation above, the horizon, 
measured on a vertical circle. 

The Azimuth of a body, is its distance measured on the hori- 
zon from the meridian to a vertical circle passing through the body. 

The Amplitude of a body, is its distance on the horizon, from 
the prime vertical, to a vertical circle passing through the body. 

Azimuth is reckoned 90^ from either the north or south point ; 
and amplitude 9(P from either the east or west point. Azimuth 
and amplitude are mutually complements of each other. When a 
point is on the horizon, it is only necessary to count the number 
of degrees of the horizon between that point and the meridian, 
in order to find its azimuth ; but if the point is above the horizon, 
then its azimuth is estimated by passing a vertical circle through 
it, and reckoning the azimuth from the point where this circle 
cuts the horizon. 

The Zenith Distance of a body is measured on a vertical cir- 
cle, passing through that body. It is the complement of the 
altitude. 
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28. The Axig of the Earth is the diameter, on which the earth 
is conceived to turn in its diurnal revolution. The same line con- 
tinued until it meets the starry concave, constitutes the cucia of tke 
celestial sphere. 

The Poles of the Earth are the extremities of the earth's axis : 
the Poles of the Heavetts, the extremities of the celestial axis. 

29. The Equator is a great circle cutting the axis of the earth 
at right angles. Hence the axis of the earth is the axis of the 
equator, and its poles are the poles of the equator. The intersec- 
tion of the plane of the equator with the surface of the earth, 
constitutes the terrestrial, and with the concave sphere of the 
heavens, the celestial equator. The latter, by way of distinction, 
is sometimes denominated the equinoctial. 

30. The secondaries to the equator, that is, the great circles 
passing through the poles of the equator, are called Meridiajia, 
because that secondary which passes through the zenith of any 
place is the meridiau of that place, and is at right angles both to 
the equator and the horizon, passing as it does through the poles 
of both. These secondaries are also called Hour Circles, because 
the arcs of the equator intercepted between them are used as 
measures of time. 

31. The Latitude of a place on the earth, is its distance from 
Kiuator north or south. The Polar Distance, or angular 
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33. The EcUpHc is a great circle in wliich the earth performs 
its annual revolution around the sun. It passes through the center 
of the earth and the center of the sun. It is found by observa- 
tion that the earth does not lie with its axis at right angles to the 
plane of the ecliptic, but that it is turned about 23^ degrees out of 
a perpendicular direction, making an angle with the plane itself of 
66^^. The equator, therefore, must be turned the same distance 
out of a coincidence with the ecliptic, the two circles making 
xui angle with each other of 23^^. It is particularly important 
for the learner to form correct ideas of the ecliptic, and of its re- 
lations to the equator, since to these two circles a great number 
of astronomical measurements and phenomena are referred. 

34 The Equinoctial Points^ or Equinoxes,^ are the intersec- 
tions of the echptic and equator. The time when the sun crosses 
the equator in returning northward is called the vernal, and in 
going southward, the autumnal equinox. The vernal equinox 
occurs about the 21st of March, and the autumnal the 22d of 
September. 

35. The Solstitial Points are the two points of the ecliptic 
most distant from the equator. The times when the sun comes 
to them are called solstices. The suihmer solstice occurs about 
the 22d of June, and the winter solstice about the 22d of De- 
cember. 

The ecliptic is divided into twelve equal ports of 30° each, 
called sigTis, which, beginning at the vernal equinox, succeed each 
other in the following order : 

Jforthem, Sauthem. 

1. Aries T -7. Libra i^ 

2. Taurus 8 8. Scorpio tri 

3. Gemini U 9. Sagittarius / 
4 Cancer S 10. Capricornus VS 
6. Leo SI 11. Aquarius ^ 
6. Virgo -njl 12. Pisces . ^ 

* The term Equinoxes strictly denotes the times when the sun arrives at the 
equinoctial points, but it is also frequently used to denote those points themselyes. 
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The mode of reckoning on the ecliptic, ie by signs, degrees, 
minutes, aiid seconds. The sign is denoted either by its name 
or its number. Thus 100° may be expressed either as the lOth 
degree of Cancer, or as 3* 10°. 

36. Of the various meridians, two are distinguiahed by the 
name of Colures. The Equinoctial Colure, is the meridian which 
passes through the e<]uinoctia] points. From this meridian, right 
ascension and celestial longitude are reckoned, as longitude on the 
earth is reckoned from the meridian of Greenwich. The SoUH- 
Hal -Colure, is the meridian which passes through the solstitial 
points. As the solstitial points are 90° from the equinoctial points, 
so the solstitial colure is 90° from the equinoctial colure. It is 
also at right angles, or a secondary, to both the ecliptic and equa- 
tor. For, like every other meridian, it is of course perpendicular 
to the equator, passing through its poles. Moreover, the equi- 
nox, being a point both in the equator and in the ecliptic, is 90° 
from the solstice, from the pole of the equator, and from the pcde 
of the ecliptic. Hence the solstitial colure, which passes through 
the solstice and the pole of the equator, passes also through 
the pole of the ecliptic, being the great circle of which the equi- 
nox itself is the pole. Consequently, the solstitial colure is a 
secoadary to both the equator and the ecliptic. (See Arts. 19, 
20, 21.) 
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reckoned from the meridian of Greenwich. On the other hand, 
celestial longitude and latitude are referred, not to the equator, 
but to the ecliptic. Celestial Longitude, is the distance of a body 
horn the vernal equinox reckoned on the ecliptic. Celestial Lat- 
iiudej is distance from the ecliptic measured on a secondary to the 
latter. Or, more briefly, Longitude is distance on the ecliptic ; 
Latitude, distance /rom the ecliptic. The North Polar Distance 
of a star, is the complement of its declination. 

38. Parallels of Latittide wee small 
circles parallel to the equator. They 
constantly diminish in size as we go 
from the equator to the pole, the ra- 
dius being always equal to the cosine 
of the latitude. In fig. 4, let HO be 
the horizon. Eft the equator, PP the 
axis of the earth, ZN the prime ver- 
tical, and ZL a parallel of latitude of 
any place Z. Then ZE is the lati- 
tude, (Art. 31.) and ZP the complement of the latitude ; but Zn 
the radius of the parallel of latitude ZL, is the sine of ZP, and 
therefore the cosine of the latitude. 

39. The Tropics are the parallels of latitude that pass through 
the solstices. The northern tropic is called the tropic of Cancer ; 
the southern, the tropic of Capricorn. 

40. The Polar Circles are the parallels of latitude that pass 
through the poles of the ecliptic, at the distance of 23^ degrees 
from the pole of the earth. (Art. 33. ) 

41. The earth is divided into five zones. That portion of the 
earth which lies between the tropics, is called the Torrid Zone ; 
that between the tropics and polar circles, the Temperate Zones ; 
and that between the polar circles and the poles, the Frigid 
Zones. 

42. The Zodiac is the part of the celestial sphere which lies 
about 8 ({egrees on each side of the ecliptic. This portion of the 
heavens is thus marked off by itself, because all the planets move 
within it. 
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43. The elevation of the pole is equcdio the taiUude of the pkux. 
The arc PE (Fig. 4.) = ZO.-.PO = ZE which equals the lati- 

tade. 

44. The elevation of Ihf equator is equal to the complement of 
the latitude. 

ZH=90o. But ZE=Lat..-.EH=90-Lat. 

45. The distance of any place from the pole (or the polar dis- 
tance) equals the complement of the latitude. 

EP=90°. But EZ=Lat..-.ZP-=90-Lat 



CHAPTER II. 



DIUIOAL REYOLDTION- 



-AATITICIAI. OLOBES- 
FROBLEHS. 



-ASTROROHtCAL 



46. The apparent diurnal revolution of the heavenly bodies 
from east to west, is owing to the actual revolution of the earth 
on its own axis from west to east. If we conceive of a radius of 
the earth's equator extended until it meets the concave sphere of 
the heavens, then as the earth revolves, the extremity of this line 
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dajTi we shall find the iDtervals exactly equal to one another ; 
Chat is, the sidereal days are aU equal^ WhateFer star we select 
for the observation, the same result will be obtained. The stars, 
therefore, always keep the same relative position, and have a 
coomion noovement roimd the earth, — a consequence that natu- 
tally flows from the hypothesis, that their apparent motion is all 
pioducedn[)y a single real motion, namely, that of the earth. The 
sun, moon, and planets, as well the fixed stars, revolve in like 
manner, but their returns to the meridian are not, like those of the 
fixed stars, at exactly equal intervals. 

48. The appearances of the diurnal motions of the heavenly 
bodies are different in different parts of the earth, since every 
place has its own horizon, (Art. 15,) and different horizons are 
Taiiously inclined to each other. Let us suppose the spectator 
Tiewing the diurnal revolutions from several different positions on 
the earth. 

49. On the egtiaior, his horizon would pass through both, poles ; 
ibr the horizon cuts the celestial vault at 90 degrees in every di- 
rection from the zenith of the spectator ; but the pole is likewise 
90 degrees from his zenith, and consequently, the pole must be 
in the horizon. The celestial equator would coincide with the 
Prime Vertical, being a great circle passing through the east and 
vest points. Since all the diurnal circles are parallel to the .equa- 
tor, consequently, they would all, Uke the equator, be perpendic- 
ular to the horizon. Such a view of the heavenly bodies, is 
called a right sphere ; or, 

A Right Sphere is one in which all the daily revoltUiofis of 
the stars, are in circles perpendicular to tlie horizon, 

A right sphere is seen only at the equator. Any star situated 
in the celestial equator, would appear to rise directly in the east, 
at noon to be in the zenith of the spectator, and to set directly in 
the west ; in proportion as stars are at a greater distance from the 
equator towards the pole, they describe smaller and smaller circles, 
until, near the pole, their motion is hardly perceptible. Every star 
remains an equal time above and below the horizon ; and since the 

* Allowance ii here luppoted to be made for Uie effects of precetsion, &c. 

3 
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times of their rerolntiocs are equal, the velocities are as the leogtha 
of the circles Uiey describe. Consequeatly, as the stais are more 
temote from the equator towards the pole, their motions become 
■lover, until, at the pole, the north star appears stationary. 

00. If the spectator advances one degree towards the north 
pole, his horizon reaches one degree beyond the pole of the earth, 
and cuts the starry sphere one degree below the pole of the heav- 
ens, or below the north star, if that be taken as the place of the 
pole. As he moves onward towards the pole, his horizon contin- 
ually reaches farther and farther beyond it, until when he comes 
to the pole of the earth, and under the pole of the heavens, his 
horizon reaches on all sides to the equator and coincides with it 
Moreover, since all the circles of daily motion are parallel to the 
equator, they become, to the spectator at the pole, parallel to the 
horizon. This is what constitutes a parallel sphere. Or, 

A PAauJ.EL Sphere is t/tat in which all the circles of daily 
motion are parallel to the korixan. 

61. To render this view of the heavens familiar, the leanier 
should follow round in his mind a number of separate stars, one 
near the horizon, one a few degrees above it, and a third near the 
zenith. To one who stood upon the nonh pole, the stars of the 
northern hemisphere would all be perpetually in view when not ' 
obscured by clouds or lost in the sun's light, and none of those of 
the southern hemisphere would ever be seen. The sun would 
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between the two, the diurnal motions are oblique to the horizon. 
This aspect of the heavens constitutes an oblique sphere, which 
is thus defined : 

An Oblique Sphere is that in which the circles of daily mo- 
tim are oblique to the horizon. 

Suppose for example the spectator is at the latitude of fifty de- 
grees. His horizon reaches 50^ beyond the pole of the earth, and 
gives the same apparent elevation to the pole of the heavens. It 
cuts the equator, and all the circles of daily motion, at an angle 
of 40^, being always equal to the Fig. 5. 

co-altitude of the pole. Thus, 
let HO (Pig. 6,) represent the 
horizon, EQ the equator, and 
PP' the axis of the earth. Also, 
Uy mm, &c. parallels of latitude. 
Then the horizon of a spectator 
at Z, in latitude 5(P reaches to - 
6(P beyond the pole (Art. 60); 
and the angle BCH, is 4(P. As 
we advance still farther north 
the elevation of the diurnal cir- 
cles grows less and less, and consequently the motions of the 
heavenly bodies more and more oblique, until finally, at the pole, 
where the latitude is 90^, the angle of elevation of the equator 
vanishes, and the horizon and equator coincide with each other^ 
as before stated. 




54. The CIRCLE or perpetual APPARmoK, is the boundary of 
that space around the elevated pole, where the stars never set. 
Its distance from the pole is equal to the latitude of the place. 
For, since the altitiide of the pole is equal to the latitude, a star 
whose polar distance is just equal to the latitude, will when at its 
lowest point only just reach the horizon ; and all the stars nearer 
the pole than this will evidently not descend so far as the horizon. 

Thus, mm (Fig. 6,) is the circle of perpetual apparation, be- 
tween which and the north pole, the stars never set, and its dis- 
tance from the pole OP is evidently equal to the elevation of the 
pdie, and of course to the latitude. 
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55. In the opposite hemisphflre, a similar part of the sphere 
adjacent to the depressed pole never rifes. Hence, 

The CIRCLE OT PERPETDAi. occuLTATiON, M the boundoTff ofthoX 
apace around the depressed pole, within lokich the stars never rise. 
Thus, m' m' (Fig- 5,) is the circle of perpetual occultation, be- 
tween which and the south pole, the stars never rise. 

56. In an oblique sphere, the horizon cuts the circles of daily 
motion unequally. Towards the elevated pole, more than half 
the circle is above the horizon, and a greater and greater pntion 
as the distance from the equator is increased, until finally, within 
the circle of perpetual apparition, the whole circle is above the 
horizon. Just the opposite takes place in the hemisphere next 
the depressed pole. Accordingly, when the sun is in the equator, 
as the equator and horizon, like all other great circles of the 
sfdiere, bisect each other, the days and nights are equal all over 
the globe. But when the sun -is north of the equator, the days 
Uecome longer than the nights, but shorter when the sua is 
south of the equator. Moreover, the higher the latitude, the 
greater is the inequality in (be lengths of the days and nights. 
All these points will be readily understood fay inspecting figure 5. 

67. Most of the phenomena of the diurnal revolution can be 
explained, either on the supposition that the celestial sphere actu- 
ally all turns around the earth once in 24 hours, or that this mo- 
tion of the heavens is merely apparent, arising from the revoln- 
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58. While we retain the same place on the earth, the diurnal 
revolution occasions no change in our horizon, but our horizon 
goes round as well as ourselves. LiCt ns first take our sts^tion on 
the equator at sunrise ; our horizon now passes through both the 
poles, and through the sun, which we are to conceive of as at a 
great distance from the earth, and therefore as cut, not by the 
terrestrial but by the celestial horizon. As the earth turns, the 
horizon dips more and more below the sun, at the rate of 15 de- 
grees for every hour, and, as in the case of the polar star, the sun 
appears to rise at the same rate. In six hours, therefore, it is de- 
pressed 90 degrees below the sun, which brings -as directly under 
the sun, which, for our present purpose, we may consider as hav- 
ing all the while maintained the same fixed position in space. 
The earth continues to turn, and in six hours more, it completely 
reverses the position of our horizon, so that the western part of 
the horizon which at sunrise was diametrically opposite to the 
sun now cuts the sun, and soon afterwards it rises above the level 
of the sun, and the sun sets. During the next twelve hours, the 
sun continues on the invisible side of the sphere, until the hori- 
zon returns to the position from which it started, and a new day 
begins. 

69. Let us next contemplate the similar phenomena at the poles. 
Here the horizon, coinciding as it does with the equator, would 
cut the sun through its center, and the sun would appear to re- 
volve along the surface of the sea, one half above and the other 
half below the horizon. This supposes the sun in its annual 
revolution to be at one of the equinoxes. When the sun is north 
of the equator, it revolves continually round in a circle which, 
during a single revolution, appears parallel to the equator, auid it 
is constantly day ; and when the sun is south of the equator, it is, 
for the same reason, continual night. 

60. We have endeavored to conceive of the manner in which 
the apparent diurnal naovements of the sun are really produced at 
two stations, namely, in the right sphere, and in the parallel sphere. 
These two cases being clearly understood, there will be little dif- 
ficulty in applying a similar explanation to an oblique sphere. 
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ARTiriCIAI. GLOBES. 



61. Artificial globes are of two kinds, terrestrial and celestial. 
The first exhibits a miniature representation of the earth ; the 
second, of the visible heavens ; and both show the varioos circles 
by which the two spheres are respectively traversed. Since all 
globes are similar solid figures, a small globe, imagined to be dl- 
uated at the center of the earth or of the celestial vault, may rep- 
resent all the visible objects and artificial divisions of either sphere, 
and with great accuracy and just proportions, though on a scale 
greatly reduced. The study of artificial globes, therefore, cannot 
be too strongly recommended to the student of astronomy.* 

62. An artificial globe is encompassed from north to south by 
a strong brass ring to represent the meridian of the place. This 
ring is made fast to the two poles and thus supports the globe, 
while it is itself supported in a vertical position by means of a 
frame, the ring being usually let into a socket in which it may be 
easily slid, so as to give any required elevation to the pole. The 
brass meridian is graduated each way from the equator to the 
pole 90'^, to measure degrees of latitude or declination, according 
as the distance from the equator refers to a poiut on the earth or 
in the heavens. The horizon is represented by a broad zone, made 
broad for the convenience of carrying on it a circle of azimuth, an- 
other of amplitude, and a wide space on which are delineated the 
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being a secondary to the equinoctial, becomes an hour circle of 
any star which, by turning the globe, is brought under it. 

64 The Hour Index is a small circle described around the pole 
of the equator, on which are marked the hours of the day. As 
this circle turns along with the globe, it makes a complete revo- 
lution in the same time with the equator ; or, for any less period, 
the same number of degrees of this circle and of the equator pass 
under the meridian. Hence the hour index measures arcs of 
right ascension. 

65. The Quadrant ofAlHtude is a flexible strip of brass, grad- 
uated into ninety equal parts, corresponding in length to degrees 
on the globe, so that when applied to the globe and bent so as 
closely to fit its surface, it measures the angular distance between 
any two points. When the zero, or the point where the gradua- 
tion begins, is laid on the pole of any great circle, the 90th degree 
will reach to the circumference of that circle, and being therefore 
a great circle passing through the pole of another great circle, it 
becomes a secondary to the latter. (Art. 21.) Thus the quadrant 
of altitude may be used as a secondary to any great circle on the 
sphere ; but it is used chiefly as a secondary to the horizon, the 
point marked 90^ being screwed fast to the pole of the horizoni 
that is, the zenith, and the other end, marked 0, being slid along 
between the surface of the sphere and the wooden horizon. It 
thus becomes a vertical circle, on which to measure the altitude 
of any star through which it passes, or from which to measure 
the azimuth of the star, which is the arc of the horizon inter- 
cepted between the meridian and the quadrant of altitude passing 
through the star, (Art. 27.) 

66. To recHfy the globe for any ptace, the north pole must be 
elevated to the latitude of the place (Art. 43) ; then the equator 
and all the diurnal circles will have their due inchnation in respect 
to the horizon ; and, on turning the globe, every point on cither 
globe will revolve as the same point does in nature ; and the rela- 
tive situations of all places will be the same as on the native 
spheres. 
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67. Tojmd the Latitude arid Longitude of a place: Tumthe 
globe so as to bring the place to the brass meridian ; then the 
degree and minute on the meridian directly over the place will 
indicate its latitude, and the point of the equator under the me- 
ridian, will show its longitude. 

Ex. What is the Latitude and Longitude of the city of Nev 
York? 

68. To Jind a place having its latitude and longitude given .• 
Bring to the brass meridian the point of the equator corresponding 
to the longitude, and then at the degree of the meridian denoting 
the latitude, the place will be found. 

Ex. What place on the globe is in Latitude 39 N. and Longi- 
tude 77 W. ? 

69. To find the bearing and distance of two places: Rectify 
the globe for one of the i^aces (Art. 66) ; screw the quadrant of 
altitude to the zenith,* end let it pass through the other place. 
Then the azimuth will give the bearing of the second {dace from 
the first, and the number of degrees on the quadrant of altitude, 
multiplied by 69, (the number of miles in a degree,) will give 
the distance between the two places. 

Ex. What is the bearii^ of New Orleans from New York, and 
what is the distance between these places ? 
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globe, until the other place comes under the meridian, and the 
index will point to the required hour. 

Ex. What time is it at Canton, in China, when it is 9 o'clock 
A. M. at New York ? 

72. To find the antced^ the periceeiy^ and the antipodesX of 
any place : Bring the given place to the meridian ; then in the 
opposite hemisphere, in the same degree of latitude, will be found 
the antceci. The same place remaining under the meridian, set 
the index to XII, and turn the globe until the other XII is under 
the index ; then the perioBci will be on the meridian under the 
same degree of latitude with the given plane, and the antipodes 
will be under the meridian, in the same latitude, in the opposite 
hemisphere. 

Ex. Find the antceci, the perioeci, and the antipodes of the 
citizens of New York. 

The antcBci have the same hour of the day, but different seasons 
of the year ; the perioBci have the same seasons, but opposite hours ; 
and the antipodes have both opposite hours and opposite seasons. 

73. To rectify the globe for the sun^s place : On the wooden 
horizon, find the day of the month, and against it is given the 
the sun's place in the ecliptic, expressed by signs and degrees.^ 
Look for the same sign and degree on the ecliptic, bring that 
point to the meridian and set the hour index to XII. To all 
places under the meridian it will then be noon. 

Ex. Rectify the globe for the sun's place on the 1st of Sep- 
tember. 

74 The latitude of the place being given, to fifui the time of 
the sun^s rising and setting on any given day at thai place : 
Having rectified the globe for the latitude, (Art. 66,) bring the 
sun's place in the ecliptic to the graduated edge of the meridian, 
and set the hour index to XII ; then turn the globe so as to bring 
the sun to the eastern and then to the western horizon, .and the 
hour index will show the times of rising and setting respectively. 



* awji otxog. f ne^ ot*og. ^ oyr» nag, 

I The larger globes have the day of the month marked agaioft the correipond- 
ing aign on the ecliptic itaelf. 

4 



Ex. At what tiiDe vOl the son 
Lat. 41'' 18' on the 10th of Jolr ? 



rise and set at New Haren, 
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75. Tofaid the DecMRotwn and Right AaeaisioH of a heav- 
enltfbodjf: Bringtbe placeof the body (wbethertbesaDorastar) 
to the meridian. Tbeo the degree sod minute standing over it 
vUl show its declination, and the point of the equinoctial mtder 
the meridian will give its right ascension. It «nll be remarited, 
that the declination and right ascension aie found in the same 
manner as Latitude and longitude on the terrestrial globe. Right 
ascension is expiessed either in d^rees <x in hours ; both being 
reckoned from the vemal equinox, (Art. 37.) 

Ex. What is the dechnalioo and right ascension of the bright 
star Lyn ? — also of the son on the 5th of Jime r 

76. To TtpraeHt tiu appeanmce of the heavens at any time * 
Rectify the globe for the latitude, bring the sun's place in the 
ecliptic to the meridian, and set the hour index to XII ; then turn 
the globe westward until the index points to the given hour, and 
the constellations would then bare the same appearance to an eye 
situated at the center of the globe, as they hare at that moment 
in the sky. 

Ex. Required the a^iect of the stars at New Haren, I^. 41° 
18', at 10 o'clock, on the evening of December 5th. 
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Ex^ What is the distance between the two laj^est stars of the 
Great Bear.* 

79. To find the sun's meridian altitude^ the latitude and day 
of tfie month being given : Hairing rectified the globe for the 
latitude, (Art. 66,) bring the sun's place in the ecliptic to the me- 
ridian, and count the number of degrees and minutes between 
that point of the meridian and the zenith. The complement of 
this arc will be the sun's meridian altitude. 

Ex. What is the sun's meridian altitude at noon on the 1st of 
August, in Lat. 41^ 18' ? 



CHAPTER III. 



or PARALLAX, REFRACTION, AND TWILIGHT. 

80. Parallax is the apparent change of place which bodies 
undergo by being viewed froim different points. Thus in figure 
6, let A represent the earth, CH' the horizon. H'Z a quadrant of 

"^ Fig. 6. 




* These two stars are sometimes called *^ the Pointers," from the line which 
passes through them being always nearly in the direction of the north star. The 
angular distance between them is about 5°, and may be learned as a standard for 
reference in estimating by the eye, the distance between any two points on the 
celestial vault 
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a great circle of the heavens, extending from the horizon to the 
zenith ; and let E, P, G, H, be successive positions of the moon 
at different elevations, from the horizon to the meridian. Nov 
a spectator on the surface of the earth at A, would refer the place 
of E to A, whereas, if seen from the center of the earth, it would 
appear at H'. The arc H'A is called the parallactic are, and the 
angle H'EA, or its equal AEC, is the angle of parallax. The 
same is true of the angles at P, G, and H, respectively. 

81. Since then a heavenly body is liable to be referred to dif- 
ferent points on the celestial vault, when seen from different parts 
of the earth, and thus some confusion occasioned in the deter- 
mination of points on the celestial sphere, astronomers have agreed 
to consider the true [dace of a celestial object to be that where it 
would appear if seen from the center of the earth. The doctrine 
of parallax teaches how to reduce observations made at any place 
on the surface of the earth, to such as they would be if made 
from the center. 

82. The angle AEC is called the horizontal paral^, which 
may be thus defined. Horizontal Parallar, is the change of po- 
sition which a celestial body, appearing in the horizon as seen 
from the surface of the earth, would assume if viewed from the 
earth's center. It is the angle subtended by the semi-diameter 
of the earth, as viewed from the body itself. If we consider any 
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with the sines, it increases much slower than in the simple ratio 
of the distance from the zenith,) and diminishes, as the distance 
from the spectator increases. Again, since the parallax AGC is as 
the sine of the zenith distance, let P represent the horizontal par- 
allax, and P^ the parallax at any altitude ; then, 

P' 

P' : P: :sin. zenith dist. : sin. 9(P.\P=s . ,. • 

sin. zen. dist. 

Hence, the horizontal parallax of a body equals its parallax at 
any altitude, divided by the sine of its distance from the zenith. 

83. From observations, therefore, on the parallax of a body at 
any elevation, we are enabled to find the angle subtended by the 
semi-diameter of the earth as seen from the body. Or if the 
horizontal parallax is given, the parallax at any altitude may be 
found, for 

p=Pxsin. zenith distance. 

Hence, in the zenith the parallax is nothing, and is at its max- 
imum in the horizon. 

84. It is evident from the figure, that the effect of parallax 
upon the place of a celestial body is to depress it Thus, in con- 
sequence of parallax, E is dein:essed by the arc H'h ; F by the 
arc Pj9 ; G by the arc Rr ; while H sustains no change. Hence, 
in all calculations respecting the altitude of the sun, moiri, or 
planets, the amount of parallax is to be subtracted : the st&rs, as 
we shall see hereafter, have no sensible parallax. As the depres- 
sion which arises from parallax is in the direction of a vertical 
circle, when the body is on the meridian, the body has only a 
parallax in declination ; but in other situations, there is at the 
same time a parallax in declination and right ascension ; for its 
direction being oblique to the equinoctial, it can be resolved into 
two parts, one of which (the declination) is perpendicular, and 
the other (the right ascension) is parallel to the equinoctial. 

85. The mode of determining the horizontal paralhx, is as 
follows : 

Let O, O, (Fig. 7,) be two places on the earth, situated under 
the same meridian, at a great distance from each other ,* one place, 
for example, at the Cape of Good Hope, and the other in the north 



Fig. 7. 



of Europe. The latitude of each 

place being known, the arc of the 
meridian OO is known, aad the 
angle OCCV also is known. Let 
the celestial body M, (the moon 
for example,) be observed simul- 
taneously at O and CV, and its 
xenith distance at each place ac- 
curately taken, namely, ZY and 
Z'Y' ; then the angles ZOM and 
Z'OM, and of course their sup- 
l^ements COM, COM are found. 
Then in the quadriUOeial %ure 
COMO', we hare atl the angles 
and the two ladii, CO, CO', whence the ade CM may be easily 
found. But, CM : CO: :sin. ZOM : sin. CMO=sine of the angle 
of parallax ; or (since the arc is very small) equals the para ll a x 
V. But when M as seen from O is in the horizon, ZOM becomes 
a right angle, and its sine equal to radius. Then, 

CO 

CM : C0::1 : P=horizonta) panUax=g»- 

On this principle, the horizontal parallax of the moon was do- 
tenoined by LaCaille and La Lande, two French astronomers, 
one i^itioued at the Cape of Good Hope, the other at Berlin ; and 
and in a similar way the pin»lliiT of Mars was ascertained, by 
observations made simultaneously at the Cape of Good Hope and 





BETBACTION. 31 

thenuse CE, which is the distance of the moon from the center 
of the earth. 

RETRACTIOV. 

88. While parallax depresses the celestial bodies subject to it, 
refraction elevates them; and it affects alike the most distant 
as well as nearer bodies, being occasioned by the change of di- 
rection which light undei^oes in passing through the atmos- 
phere. Let us conceive of the atmosphere as made up of a great 
number of concentric strata, as AA, BB, CC, and DD, (Fig. 8,) 

Fig. 8. 




increasing rapidly in density (as is known to be the fact) in ap- 
proaching near to the surface of the earth. Let S be a star, from 
which a ray of light Sa enters the atmosphere at a, where, being 
turned towards the radius of the convex surface, it would change 
its direction into the line ab, and again into be, and cO, reach- 
ing the eye at-0. Now, since an object always appears in the 
direction in which the light finally strikes the eye, the star would 
be seen in the direction of the last ray cO, and consequently, the 
star would apparently change its place, in consequence of re- 
fraction, from S to S', being elevated out of its true position. 
Moreover, since on account of the continual increase of density 
in descending through the atmosphere, the light would be con- 
tinually turned out of its course more and more, it would there- 
fore move, not in the polygon represented in the figure, but in a 
corresponding curve, whose curvature is rapidly increased near 
the surface of the earth. 



89. When a body is in the zenith, since « ny of light fiom it 
enters the atmosphere at right angles to the refracting medium, it 
suffers no refraction. Consequently, the position of the heavenly 
bodies, when in the zenith, is not changed by refraction, while 
near the horizon, when a ray of light strikes the medium very 
obliquely, and traverses the atmosphere throagh its densest part, 
the refraction is greatest. The following numbers, takui at dif- 
ferent altitudes, will show how rapidly refraction diminishes finn 
the horizon upwards. The amount of refraction at the horizon 
is 34' 00". At different elevations it is as follows. 
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32-00" 


30° 


1' 40" 


IP w 


30- 00" 


iOP 


1' 09" 


lo OC 


24' 26" 


4S» 


0- 68" 


B" 00- 


W 00" 


60» 


0- 33- 


10<> (W 


5- 20" 


80° 


0- 10" 


20= m 


2'39" 


90° 


V 00" 



From this table it appears, that while refraction at the horizon 
is 34 minutes, at so small an elevation as only 10 minutes above 
the horizon it loses 2 minutes, more than the entire change 
from the elevation of 30° to the zenith. From the horizon to 
1° above, the retraction is diminished nearly 10 minutes. The 
amount at the horizon, at 45^, and at 90°, respectively, is 34', 58", 
and 0. In finding the altitude of a heavenly body, the effect of 
parallax must be added, but that of refraction subtracted. 
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between the two will show the amount of refraction at the lower 
culmination, the latitude of the place being known. 

Example. At Paris, latitude 48^ 50f^ a star was observed to 
puB the meridian & north of the zenith, and consequently, 41^ 4^, 
iiom the pole.* It should have passed the meridian at the same 
distance below the pole, but the distance was found to be only 
40° 67' 36". Hence, 41^ 4'- 40° 5T Z&'=^& 26^' is the refraction 
doe to that altitude, that is, at the altitude of 7^ 46^. By taking 
similar observations, in various places situated in high latitudes, 
the amount of refiraction might be ascertained for a number of 
different altitudes, and thus the law of increase in refraction as 
we |HX)ceed from the zenith towards the horizon, might be ascer- 
tained. 

91. Another method of finding the refraction at different alti- 
tudes, is as follows. Take the altitude of the sun or a star, whose 
right ascension and declination are known, and note the time by 
the clock. Observe also when it crosses the meridian, and the 
difference of time between the two observations will give the hour 
ingle ZPr, (Fig. 9.) In this triangle ZPr we also know PZ the 

Fig. 9. 




co-latitude and Pr the co-declination. Hence we can find the co- 
altitude TiXj and of course the true altitude. Compare the alti- 

•~POT"the polar ditunce of the place=90-48° 50'=41° 10' j and 41° 10'-6'=i 

4r 4'. 

5 
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tude thus found with that before determined by obserradon, and 
the difference will be the refraction due to the apparent altitude. 

Ex. On May 1, 1738, at 6h. 20m. in the morning, Casnoi ob- 
seired the altitude of the sun's center at I*ari8 to be 6° (V 14". 
The latitude of Paris being 48° 60' 10", and the son's dectin»- 
tion at that time being 16° C 26": Reqmred.the r^ractUm. 

By spherical trigonometry, Zx will be found equal to 8S° lO* 
8" i consequently, the true altitude was 4° 49* 62". Now to 5° 
C 14", the apparent altitude, 9" must be added for peiallaz, and 
we have 6° 0' 23" the apparent altitude corrected for paralhuc 
Hence, 6° 0* 23"- 4049' 52"= 10* 31", the refraction at the i^ 
parent altitude 5° C 14".» 

92. By these and similar methods, we could eauly determine 
the refraction due to any elevation above the horizui, provided 
the refracting medium (the atmosphere) were always unifbnn. 
But this is not the fact : the refracting power of the atmosphere 
is altered by changes in density and temperature.! Hence in 
delicate observations, it is necessary to take into the account the 
state of the barometer and of the thermometer, the iDfluence of 
the variations of each having been very carefully investigated, 
and rules having been given accordingly. With every precaution 
to insure accuracy, on account of the variable character of the 
refracting medium, the tables are not considered as entirely accu- 
rate to a, greater distance from the zenith than 74° ; but almofrt all 
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when light clouds enable us to view the solar disk. Were all 
parts of the sun equally raised by refraction, there would be no 
change of figure ; but since the lower side is more refracted than 
the upper, the effect is to shorten the vertical diameter and thus 
to give the disk an oval form. This effect is particularly remark- 
able when the sun, at his rising or setting, is observed from the 
top of a mountain, or at an elevation near the sea shore ; for in 
such situations the rays^ of Ught make a greater angle than or- 
dinary with a perpendicular to the refracting medium, and the 
amount of refraction is proportionally greater. In some cases of 
this kind, the shortening of the vertical diameter of the sun has 
been observed to amount to 6^, or about one fifth of the whole. 

96. The apparent enlargement of the sun and moan in the ho^ 
rizon, arises irom an optical illusion. These bodies in fact are 
not seen under so great an angle when in the horizon, as when on 
the meridian, for they are nearer to us in the latter case than in 
the former. The distance of the sun is indeed so great that it 
makes very little difference in his apparent diameter, whether he 
is viewed in the horizon or on the meridian ; but with the moon 
the case is otherwise ; its angular diameter^ when measured with 
instruments, is perceptibly larger at the time of its culmination. 
Why then do the sun and moon appear so much larger when near 
the horizon ? It is owing to that general law, explained in optics, 
by which we judge of the magnitudes of distant objects, not 
merely by the angle they subtend at the eye, but also by our im- 
pressions respecting their distance, allowing, under a given angle, 
a greater magnitude as we imagine the distance of a body to be 
greater. Now, on account of the numerous objects usually in 
sight between us and the sun, when on the horizon, he appears 
much farther removed from us than when on the meridian, and 
we assign to him a proportionally greater magnitude. If we view 
the sun, in the two positions, through smoked glass, no such dif- 
ference of size is observedj for here no objects are seen but the 
sun himself. 

96. The extraordinary enlargement of the sun or moon, particu- 
larly the latter, when seen at its rising through a grove of treesi 
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depeads od a different principle. Through the various op^ngs 
between the trees, we see different images of the sun, a great 
number of which overlapping each other, swell the dimenskms 
of the moon, under the most favorable circumstances, to a very 
tmusual size. 



97. T^iiiligkt also is another phenomenon depending upon the 
agency of the earth's atmosidiere. It is due partly to refraction 
and partly to reflexion, but mostly to the latter. White the sua 
is within 18° of the horizon, before it rises or after it seta, seme 
portion of its light is conveyed to us by means of numerous re- 
flections from the atmosphere. Let AB {Pig. 10,) be the horizon 
Fig. 10. 




of the spectator at A, and let SS be a ray of hgbt from the sun 

when it is two or three degrees below the horizon. Then to 




tlME. 37 

gtadual. To the inhabitants of an oblique sphere, the twilight 
is longer in proportion as the place is nearer the elevated pole. 

99. Were it not for the power the atmosphere has of dispersing 
the solar light, and scattering it in various directions, no objects 
would be visible to us out of direct sunshine ; every shadow of a 
passing cloud would be pitchy darkness ; the stars would be visi- 
ble all day, and every apartment into which the sun had not di- 
rect admission, would be involved in the obscurity of night. This 
scattering action of the atmosphere on the solar light, is greatly 
increased by the irregularity of temperature caused by the sun, 
which throws the atmosphere into a constant state of undulation, 
and by thus bringing together masses of air of different tempera- 
tures, produces partial reflections and refractions at their common 
boundaries, by which means much light is turned aside from the 
direct course, and diverted to the purposes of general illumination. 
In the upper regions of the atmosphere, as on the tops of very 
high moimtainSi wh^e the air is too much rarefied to reflect much 
light, the sky assumes a black appearance, and stars become visi- 
ble in the day time. 



CHAPTER IV. 

OF TIME. 

100. Time is a measured portion of indefinite duration. 

The great standard of time is the period of the revolution of 
the earth on its ajds, which, by the most exact observations, is 
found to be always the same. The time of the earth's revolution 
on its axis is called a sidereal day^ and is determined by the revo- 
lution of a star from the instant it crosses the meridian, until it 
comes round to the meridian again. This interval being called a 
sidereal day, it is divided into 24 sidereal hows. Observations 
taken upon numerous stars, in different ages of the world, show 
that they all perform their diurnal revolutions in the same time, 



So THK EAKTH. 

and that their motioa durii^ any part of the levohition is per- 
fectly uniform. 

101. Solar time is reckoned by the apparent revolution of the 
sun, from the meridian round to the same meridiaa again. Were 
the sun stationary in the heavens, like a fixed star, the time of its 
apparent revolution would be equal to the revolutioQ of the earth 
on its axis, and the solar and the sidereal days would be equal 
But since the sun passes from west to east, through 36(P in 366} 
days, it moves eastward nearly 1" a day, (69' 8".3). While, 
therefore, the earth is turning round on its axis, the sun is moving 
in the same direction, so that when we have come round under 
the same celestial meridian from which we started, we do not 
find the sun there, but be has moved eastward nearly a d^;ree, 
and the earth must peribrm so much more than one com[Jete 
revolution, in order to come under the sun again. Now aince a 
place on the earth gains 369° in 24 hours, how long will it taka 
to gain 1°? 

24 
359:24:;1 : 353=4" nearly. 

Hence the solar day is about 4 minutes longer than the sideieal ; 
and if we were to reckon the sidereal day 24 hours, we should 
reckon the solar day 24h. 4m. To suit the purposes of society at 
laige, however, it is found most convenient to reckon the solar day 
24 hours, and to throw the fraction into the sidereal day. Then, 

24h. 4m. : 24::24 : 23h. ggm. neariy (23h. 56<» 4>.09)=the 
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the lower meridian, namely, at 12 o'clock at night, and counted 
by 12 hours from the lower to the upper culmination, and from 
the upper to the lower. The astronomical day is the apparent 
solar day counted through the whole 24 hours, instead of by pe- 
riods of 12 hours each, and begins at noon. Thus 10 days and 
14 hours of astronomical time, would be 11 days and 2 hours of 
apparent time. 

104 Clocks are usually regulated so as to indicate mean solar 
time ; yet as this is an artificial period, not marked o£f, like the 
sidereal day, by any natural event, it is necessary to know how 
much is to be added to or subtracted from the apparent solar 
time, in order to give the corresponding mean time. The inter- 
val by which apparent time differs from mean time, is called the 
equation of time. If a clock were constructed (as it may be) so 
as to keep exactly with the sun, going faster or slower according 
as the increments of right ascension were greater or smaller, and 
another clock were regulated to mean time, then the difference 
of the two clocks, at any period, would be the equation of time 
for that moment. If the apparent clock were faster than the 
mean, then the equation of time must be subtracted ,* but if the 
apparent clock were slower than the mean, then the equation of 
time must be added, to give the mean time. The two clocks 
would differ most about the 3d of November, when the apparent 
time is I6i™ greater than the mean (16™ 16».7). But, since 
apparent time is sometimes greater and sometimes less than mean 
time, the two must obviously be sometimes equal to each ot|ier. 
This is in fact the case four times a year, namely, April 15th, 
June t5th, September 1st, and December 22d. These epochs, 
however, do not remain constant ; for, on account of the change 
in the position of the perihelion, or the point where the earth is 
nearest the sun, (which shifls its place from west to cast about 
12^^ a year,) the period when the sun's motions are most rapid, as 
well as that when they are slowest, will occur at different parts of 
the year. The change is indeed exceedingly small in a single 
year ; but in the progress of ages, the time of year when the sun's 
motion in its orbit is most accelerated, will not be, as at present, on 
the first of January, but may fall on the first of March, June, or 
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any other day of the year, and the amount of the equation of 
time is obviously affected by the sun's distance from its perihelicKi, 
since the sun moves most rapidly when neaiest the perihelion, 
and slowest when farthest from that point. 

105. TTie inequality of the solar days dqaends on two cause*, 
the unequal motion of the earth in its orbit, and the inclination of 
the equator to the ecliptic. 

First, on account of the eccentricity* of the earth's orbit, the 
earth actuadly moves faster from the autumnal to the vernal equi- 
nox, than from the vernal to the autumnal, the difference of the 
two periods being about eight days (7d. 17h. 17m.) Thus, let 
AEB (Fig. 11,) represent the earth's orbit,^ S being the place of 
Fig. 11. 
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would be referred if seen from the sun ; and the place of the sun 
is the part of the heavens to which it is referred as seen from the 
earth. Thus, when the earth is at E, it is said to be in Aries ; 
and as it moves from E through E^ to A, its path in the heavens 
is through Aries, Taurus, Gremini, 6cc. Meanwhile the sun takes 
its place successively in Libra, Scorpio, Sagittarius, &c. Now, 
as will be shown more fglly hereafter, the earth moves faster 
when proceeding from Aries through its perihelion to Libra, than 
from Libra through its aphelion to Aries, and, consequently, de- 
scribes the half of its apparent orbit in the heavens, T, S5, ^ 
sooner than the half ^,VS, T. The line of the apsides, that is, 
the major axis of the ellipse, is so situated at present, that the 
perihelion is in the sign Leo, nearly 10(P (99^ 3(y 5'') from the 
vernal equinox. The earth passes through it about the first of 
January, and then its velocity is the greatest in the whole year, 
being always greater as the distance is less, the angular velocity 
being inversely as the square of the distance, as will be shown 
by and by. 

106. But differences of time are not reckoned on the ecliptic, 
but on the equinoctial ; for the ecliptic being oblique to the me- 
ridian in the diurnal motion, and cutting it at different angles at dif- 
ferent times, equal portions will not pass under the meridian in equal 
times, and therefore such portions could not be employed, as they 
are in the equinoctial, as measures of time. If therefore the sun 
moved uniformly in his orbit, so as to make the daily increments 
of longitude equsd, still the corresponding arcs of right ascension, 
which determine the lengths of the solar day, would be unequal. 
Let us start from the equinox, from which both longitude and right 
ascension are reckoned, the former on the ecliptic, the latter on 
the equinoctial. Suppose the sun has described 70° of longitude ; 
then to ascertain the corresponding arc of right ascension, we let 
a meridian pass through the sun : the point where it cuts the 
equator gives the sun's right ascension. Now since the ecliptic 
makes an acute angle with the meridian, while the equinoctial 
makes a right angle with it, consequently the arc of longitude is 
greater than the arc of right ascension. The difference, however, 
grows constantly less and less as we approach the tropic, as the 

6 
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angle made between the ecliptic and the meridian constantlf 
increases, until, when we reach the tropic, the meridian is at right 
angles to both circles, and the longitude and right ascension each 
equals 90°, and they are of course equal to each other. Beyond 
this, from the tropic to the other equinox, the arc of the ecliptk 
intercepted between the meridian and the autumnal equinox being 
greater than the corresponding arc o£ the equinoctial, of couise 
its supplement, which measures the longitude, is less than the sup- 
plement of the corresponding arc of the equator which measures 
the right ascension. At the autumnal equinox again, the right 
ascension and longitude become equal. In a similar manner we 
might show that the dailp increments of longitude and right as- 
cension are unequal. 

In order to illustrate the foregoing points, let T-a. (Fig. 12,) 
represent the equator, T T =^ the ecliptic, and VSE, PS'E', 
two meridians meeting the sun in S and S'. Then in the triatt- 

Fig. 12. 
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arc of longitude, so the daily increments of right ascension differ 
fiom those of longitude. If we suppose in the quadrant tT, 
points taken to mark the progress of the sun from day to day, and 
let meridians like PSE pass through these points, the arc of the 
ecliptic embraced between the meridians will be the daily incre- 
ments of longitude, while the corresponding parts of the equinoc- 
tial will be the daily increments of right ascension. Near T , the 
oblique direction in which the ecliptic cuts the meridian, will make 
the daily increments of longitude exceed those of right ascension ; 
but this advantage is diminished as we approach the tropic, where 
the ecliptic becomes less oblique, and finally parallel to the equi- 
noctial ; while the convergence of the meridians contributes still 
farther to lessen the ratios of the daily increments of longitude to 
those of right ascension. Hence, at first, the diurnal arcs of 
right ascension are less than those of longitude, but afterwards 
greater ; and they continue greater for a similar distance beyond 
the tropic. 

108. From the foregoing considerations it appears, that the 
diurnal arcs of right ascension, by which the difference between 
the sidereal and the solar days is measured, are unequal, on ac- 
count both of the unequal motion of the sun in his orbit, and of 
the inclination of his orbit to the equinoctial. 

109. As astronomical time commences when the sun is on the 
meridian, so sidereal time commences when the vernal equinox 
is on the meridian, and is also counted from to 24 hours. By 
3 o'clock, for instance, of sidereal time, we mean that it is three 
hours since the vernal equinox crossed the meridian ; as we say it 
is 3 o'clock of astronomical or of civil time, when it is three houra 
since the sun crossed the meridian. 

THE CALENDAR. 

110. The astronomical year is the time in which the sun makes 
one revolution in the ecliptic, and consists of 365d. 5h. 48m. 51*. 60. 
The civil year consists of 365 da3r9. The diflference is nearly 6 
hours, making one day in four years. 

111. The most ancient nations determined the nuitber of days 
in the year by means of the stytus, a perpendicular rod which 
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cast its shadov on a smooth jdane, bearing a meridian line. ~ The 
time when the shadow waa shortest, would indicate the day of 
the summer solstice ; and the number of days which elapsed until 
the shadow returned to the same length again, would show the 
number of days in the year. This was found to be 365 whole 
days, and accordingly this period was adopted for the ciril year. 
Such a difference, however, between the ciril and astronomical 
years, at length threw all dates into confusion. For, if at first 
the summer solstice happened on the 21at of June, at the end of 
four years, the sun would not have reached the solstice until the 
22d of June, that is, it would have been behind its time. At the 
end of the next four years the solstice would Ml on the 23d; 
and in piocess of time it would fell successively on every day of 
the year. The same would be true of any other fixed date. 
Julius Ceesar made the first correction of the calendar, by intro- 
ducing an intercalary day every fourth year, making Febmary 
to consist of 29 instead of 28 days, and of course the whole year 
to consist of 366 days. This fourth year was denominated Bw- 
sextile.* It is also called Leap Year. 

112. But the tnie correction waa not 6 hours, but 5h. 49m. ; 
hence the intercalation was too great by 11 minutes. This small 
fraction would amount in 100 years to i of a day, and in 1000 
years to more than 7 days. From the year 326 to 1582, it had 
in fact amounted to about 10 days; for it was known that in 
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Thus the year 1838, not being divisible by 4, contains 365 days, 
while 1836 and 1840 are leap years. Yet to make every fourth 
year consist of 366 dajrs would increase it too much by about | 
of a day in 100 years ; therefore every hundredth year has only 
365 days. Thus 1800, although divisible by 4 was not a leap 
year, but a common year. But we have allowed a whole day 
in a hundred years, whereas we ought to have allowed only three 
fimrihs of a day. Hence, in 400 years we should allow a day 
too much, and therefore we let the 400th year remain a leap 
year. This rule involves an error of less than a day in 4237 
years.* If the rule were extended by-making every year divisible 
by 4,000 (which would now consist of 366 days) to consist of 
365 days, the error would not be more than one day in 100,000 
years.t 

113. This reformation of the calendar was not adopted in Eng- 
land until 1752, by which time the error in the Julian calendar 
amounted to about 11 days. The year was brought forward, by 
reckoning the 3d of September the 14th. Previous to that time 
the year began the 25th of March ; but it was now made to be- 
gin on the 1st of January, thus shortening the preceding year, 
1751, one quarter. J 

114. As in the year 1582, the error in the Julian calendar 
amounted to 10 days, and increased by f of a day in a century, 
at present the correction is 12 days ; and the number of the year 
will differ by one with respect to dates between the 1st of Janu- 
ary and the 25th of March. 

Examples, General Washington was born Feb. 11, 1731, old 
style ; to what date does this corresix)nd in new style ? 

As the date is the earlier part of the 18th century, the correc- 
tion is 11 days, which makes the birth day fall on the 22d of 
February ; and since the year 1731 closed the 25th of March, 
while according to new style 1732 would have commenced on 



• Woodhousc, p. 874. t Herechel's Ast. p. 384. 

X Russia, and the Greek Church generally, adhere to the old style. In order 
to make the Ruuian dates correspond to ours, wo must add to them 12 days. 
France and other Catholic countries, adopted the Gregorian calendar soon aflcr it 
was promulgated. 
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the preceding Ist of January ; therefore, the time required is Feb. 
22j 1732. It is usual, in such cases, to write both years, thus : 
Feb. 11, 1731-2, O. S. 

2. A great eclipse of the sun happened May 15th, 1836 ; to 
what date would this time correspond in old style? 

Ans. May 3d. 

115. Tke common year begins and ends on the same day of 
the week ; btU leap yeeir ends one day later in the week than it 
b^an. 

For 62 X 7=364 days j if therefore the year b^ns on Tues- 
day, for example, 364 days would complete 62 weeks, and one 
day would be left to begin another week, and the following year 
would begin on Wednesday. Hence, any day of the month is one 
day later in the week than the corresponding day of the preceding 
year. Thus, if the 16th of November, 1838, falls on Friday, 
the 16lh of November, 1837, feU on Thursday, and will fall in 
1839 on Saturday. But if leap year begins on Sunday, it ends 
on Monday, and the following year begins on Tuesday ; while 
any given day of the mouth is two days later in the week than 
the corresponding date of the preceding year. 

116. Fortunately for astronomy, the confusion of dates involved 
in different calendars affects recorded observations but little. Re- 
markable eclipses, for example, can be calculated back for several 
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CHAPTER V. 

or ASTRONOMICAL INSTRUMENTS AND PROBLEMS ^nOURE AND 

DENSITY OF THE EABTIL 

117. The most ancient astronomers employed no instruments 
fi>r measuring angles, but acquired their knowledge of the heav- 
enly bodies by long continued and most attentive inspection with 
the naked eye. In the Alexandrian school, about 300 years before 
the Christian era, instmments began to be freely used, and thence- 
forward trigonometry lent a powerful aid to the science of astron- 
omy. Tycho Brahe, in the 16th century, formed a new era in 
practical astronomy, and carried the measurement of angles to 
10", — a degree of accuracy truly wonderful, considering that he 
had not the advantage of the telescope. By the application of 
the telescope to astronomical instruments, a far better defined view 
of objects was acquired, and a far greater degree of refinement 
was attainable. The astronomers royal of Great Britain perfected 
the art of observation, bringing the measurement of angles to P^, 
and the estimation of diflTerences of time to } of a second. Be- 
yond this degree of refinement it is supposed that we cannot 
advance, since unavoidable errors arising from the uncertainties 
of refraction, and the necessary imperfection of instruments, for- 
bid us to hope for a more accurate determination than this. But 
a little reflection will show us, that V* on the limb of an astro- 
nomical instrument, must be a space exceedingly small. Suppose 
the circle, on which the angle is measured, be one foot in diameter. 

12x3.14159 
Then ggn =tV I'^ch = space occupied by 1^. Hence 

11 ^ ^ 1 

10 xGO^eOO'^^P^^® ' ^^ 36000==^!^^^ ^^ ^''- ^"^^ ^^' 

nute angles can be measured only by large circles. If, for ex- 
ample, a circle is 20 feet in diameter, a degree on its periphery 
would occupy a space 20 times as large as a degree on a circle of 
1 foot. A degree therefore of the limb of such an instrument 
would occupy a space of 2 inches : one minute, y^ of an inch ; 
and one second, yjVv ^^ ^^ inch. 
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lis. But the actual divisions oa the limb of an astronomical' 
instrument never extend to seconds : in the smaller instruments 
they reach only to KV, and on the lai^est rarely lower than 1'. 
The subdivisions of these spaces is carried on by means of the 
Vernier, which may be thus defined : 

A Vermer is a contrivance attacked to the graduated ItTnb of 
an instrument, for the purpose of measuring aliquot parts of the 
smallest spaces, into which the instrument is divided. 

The vernier is usually a narrow zone of metal, which is made 
to slide on the graduated limb. Its divisions correspond to those 
on the limb, except that they are a little lai^er,* one tenth, for 
example, so that ten divisions on the vernier would equal elevea 
on the limb. Suppose now that our instrument is graduated to 
degrees only, but the altitude of a certain star is found to be 40° 
and a fraction, or 40°+r. In order to estimate the amount of this 
fraction, we bring the zero point of the vernier to coincide with the 
point which indicates the exact altitude, or 40°-|-j:. We then look 
along the vernier until we find where one of its divisions coincides 
with one of the divisions of the limb. Let this be at the fourth 
division of the vernier. In four divisions, therefore, the vernier 
has gained upon the divisions of the limb, a space equal to x ; and 
since, in the case supposed, it gains j'g of a degree, or 6' at each 
division, the entire gain is 24', and the arc in question is 40^^ 21'. 



Fig. 13. 
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icale, until we find that the coincidence is at the 8th division of 
the vernier. Now as the vernier gains j\ of ^'^ssy^^ of an inch 
at each division upward, it of course gains tS 7 ^^ eight divisions. 
The fractional quantity, therefore, is .08 of an inch, and the height 
of the mercury is 30.38. If the divisions of the vernier were such, 
that each gained j\ (when 60 on the vernier would equal 61 on 
the limb) on a Umb divided into degrees, we could at once take 
off minutes ; and were the limb graduated to minutes, we could 
in a similar way read off seconds. 

120. The instruments most used for astronomical observations, 
are the Transit Instrument, the Astronomical Clock, the Mural 
Circle, and the Sextant. A large portion of all the observations 
made in an astronomical observatory, are taken an the meridiaru 
When a heavenly body is on the meridian, being at its highest 
point above the horizon, it is then least affected by refraction and 
parallax ; its zenith distance (from which its altitude and decli* 
nation are easily derived) is readily estimated ; and its right as- 
cension may be very conveniently and accurately determined by 
means of the astronomical clock. Having the right ascension 
and declination of a lieavenly body, various other particulars re- 
specting its position may be found, as we shall see hereafter, by 
the aid of spherical trigonometry. Let us then first turn our 
attention to the instruments employed for determining the right 
ascension and declination. They are the Transit Instrument, the 
Astronomical Clock, and the Mural Circle. 

121. The Tratisit Instrument is a telescope, which is fixed 
permanently in the meridian, and moves only in that plane. It 
rests on a horizontal axis, which consists of two hollow cones 
applied base to base, a form uniting lightness and strength. The 
two ends of the axis rest on two firm supports, as pillars of stone, 
for example, so connected with the building as to be as free as 
possible from all agitation. In figure 14, AD represents the tele- 
scope, E, W, massive stone pillars supporting the horizontal axis, 
beneath which is seen a spirit level, (which is used to bring the 
axis to a horizontal position,) and n a vertical circle graduated 
into degrees and minutes. This circle serves the purpose of pla- 

7 
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cing the instmment at any required altitude or distance from the 
zenithj and of course for determining altitudes and zenith diatances. 




122. Various methods ate described in works on practical as- 
tronomy, for placing the Transit Instrument accuralely in the 
meridian. The following method by observations on the pole 
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123. The Une of ooUimaUon of a telescope, is a line joining 
the center of the object g|a8s with the center of the eye glass. 
When the transit instrument is properly adjusted, this line, as the 
instrument is turned on its axis, moves in the plane of the me- 
lidian. Having, by means of the vertical circle n, set the instru- 
ment at the known altitude or zenith distance of any star, upon 
which we wish to make observations, we wait until the star en- 
ters the field of the telescope, and note the exact instant when it 
crosses the vertical wire in the center of the field, which wire 
marks the true plane of the meridian. Usually, however, there 
are placed in the focus of the eye glass five parallel wires or 
threads, two on each side of the central wire, and all at equal 
distances from each other, as is represented in the following dia- 
gram. The time of arriving at Fig. 15. 
each of the wires being noted, d_ 
and all the times added together 
and divided by the number of 
observations, the result gives the 
instant of crossing the central 
wire. ^1 




124. The Astranamical Clock 
is the constant companion of the 
Transit Instrument. This clock 
is so regulated as to keep exact 
pace with the stars, and of course 
with the revolution of the earth on its axis ; that is, it is regulated 
to sidereal time. It measures the progress of a star, indicating 
an hour for every 16^, and 24 hours for the whole period of the 
revolution of the star. Sidereal time, it will be recollected, com- 
mences when the vernal equinox is on the meridian, just as solar 
time commences when the sun is on the meridian. Hence, the 
hour by the sidereal clock has no correspondence with the hour of 
the day, but simply indicates how long it is since the equinoctial 
point crossed the meridian. For example, the clock of an obser- 
vatory points to 3h. 20m. ; this may be in the morning, at noon, or 
any other time of the day, since it merely shows that it is 3h. 20m. 
since the equinox was on the meridian. Hence, when a star is on 
the meridian, the clock itself shows its right ascension ; and the 
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interval of time betveen the arrival of any two staia apon the 
meridian, is the measure of their difference of right ascension. 

125. Astronomical clocks are made of the best workmanship, 
with a compensation pendulmu, and every other advantage which 
can promote their regularity. The Transit Instrument itself, 
when OQce accurat^y j^aced in the meridian, affords the means 
of -testing the correctness of the clpck, since one revolution of a 
8ta^from the meridian to the meridian again, ought to correspond 
to exactly 24 hours by the clock, and to continue the same from 
day to day ; and the right ascension of various stars as they cross 
the meridian, ought to be such by the clock as they are given in 
the tables, where they are staled according to the most accuiato de- 
terminations of astronomers. Or by taking the difference of right 
ascension of any two stars on successive days, it will be seen 
whether the going of the clock is uniform for that psrt of the 
day ; imd by taking the right ascension of different pain of stars, 
we may learn the rate of the clock at various parts of the day. 
We thus learn, not only whether the clock accurately measures 
the length of the sidereal day, but also whether it goes uniformly 
from hour to hour. 

Although astronomical clocks have been brought to a great de- 
gree of perfection, so as to vary hardly a second for many months, 
yet none are absolutely perfect, and most are so far from it 
as to require to be corrected by means of the Transit Instru- 
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The Mural Circle i».a graduated circle, usually of very large 
sze, fixed penuanently ia the plane of the meridian, and at- 
tached firmly to a perpendicular koU. It is made of large size, 
nmetimes 20 feet in diameter, in order that very small angles 
may be measured on its limb ; and it is attached to a massive 
wall of solid masonry in order to insure perfect steadinegs, a point 
the more difficult to attain in proportion as the instrument is 
heavier. The annexed diagram represents a Mural Circle fixed 
to its wall and ready for observations. It will be aeen that every 
expedi«it is emfdoyed to give the instrument firmness of parts 

Fig; 16. 




and steadiness of position. Its radii are composed of hollow 
cones, uniting lightness and strength, and its telescope revolves 
on a large horizonlid axis, fixed as firmly as possible in a solid 
wall. The gmdualions are made on the outer rim of the instru- 
ment, and are read otf by six microscopes attached to the wall, 
one of which is represented at A, and the places of the five others 
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are marked bythe letters B, C, D, E, P. Six are used in order 
that by taking the mean of such a number of readings, a higher 
degree of accuracy may be insured, than could be attained by a 
single reading. In a circle of six feet diameter, like that repre- 
sented in the figure, the divisions may be easily carried to five 
minutes each. The microscope (which is of the variety called 
compound microscope) forms an enlai^ed image of each of these 
divisions in the focus of the eye glass. In the focus is also placed a 
delicate wire, which may be moved by means of a screw in a di- 
rection parallel to the divisions of the limb, and which is so adjusted 
to the screw as to move over the whole magnified space of five 
minutes by five revolutions of the screw. Of course one revolu- 
tion of the screw measures one minute. Moreover, if the screw 
itself is made to cany an index attached to its axis and revolv- 
ing with it over a disk graduated into sixty equal parts, then the 
space measured by moving the index over one of these parts, 
will be one second. 

We have been thus minute in the description of this instrument, 
in order to give the learner some idea of the vast labor and great 
patience demanded of {vactical astronomers, in order to obtain 
measurements of such extreme accuracy as those to which they 
aspire. 

On accoimt of the great dimensions of this circle, and the ex- 
pense attending it, as well as the difficulty of supporting it firmly, 
sometimes only one fourth of it is employed, constituting the 
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will best be fonnd by taking its ze- 
nith distance ZS, of which it is the 
complement. From SH, subtract EH, 
the elevation of the eqaator, which 
equals the colatitude of the place of 
observation, (Art. 44,) and the remain- 
der SE is the declination. Or if the 
star is nearer the horizon than the 
equator is, as at S^, subtract its me- 
ridian altitude from the colatitude, for 
the declination. Secondly, the dechnation may be found from 
the north polar distance^ of which it is the complement. Thus 
from P to E is 90^. Therefore, PE-PS=9(F~PS=SE=the 
declination. The height of the pole P is always known when 
the latitude of the place is known, being equal to the latitude. 




128. The astronomical instruments already described are adapt- 
%i to taking observations on the meridian only ; but we sometimes 
require to know the altitude of a celestial body when it is not on 
the meridian, and its azimiUhj or distance from the meridian 
measured on the horizon ; and also the angular distance between 
two points on any part of the celestial sphere. An instrument 
especially designed to measure altitudes and azimuths, is called 
an Altitude and Azimuth Instrument, whatever may be its par- 
ticular form. When a point is on the horizon its distance from 
the meridian, or its azimuth, may be taken by the common sur- 
veyor's compass, the direction of the meridian being determined 
by the needle ; but when the object, as a star, is not on the ho- 
rizon, its azimuth, it must be remembered, is the arc of the hori- 
zon from the meridian to a vertical circle passing through the 
star (Art. 27); at whatever different altitudes, therefore, two 
stars may be, and however the plane which passes through them 
may be inclined to the horizon, still it is their angular distance 
measured on the horizon which determines their difference of 
azimuth. Figure 18 represents an Altitude and Azimuth Instru- 
ment, several of the usual appendages and subordinate contrivan- 
ces being omitted for the sake of distinctness and simplicity. 
Here abo is the vertical or altitude circle, and EFG the horizontal 




or azimuth circle ; AB is a telescope mountecl on a horizontal axia 
and capable of two motions, one in altitude parallel to the ciide 
abc, and the other in azimuth parallel to EFG. Hence it can Iw 
easily brought to bear upon any object. At m, under the eye 
glass of the telescope, is a small mirror placed at an angle of 45° 
with the axis of the telescope, by means of which the image 
of the object is reflected upwards, so as to be conveniently pre- 
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rig. 19. 



m 




and the index mores on a graduated arc BA. LG is called the 
Index GlasSj and N the Horizon Glass. The under part only 
of the horizon glass is coated with quicksilver, the upper part 
being left transparent, as in n ; so that while one object is seen 
through the upper part of n by direct vision, another may be seen 
through the lower part by reflexion from the two mirrors. The 
iostrament is so contrived, that when the index is moved up to A, 
where the zero point is placed, or the graduation begins, the two 
feflectors I/jr and N are exactly parallel to each other, the index 
glass being then in the position Ig. In this position of the mir- 
lors, i[ the eye at E look through the telescope, T, so pointed as to 
lee the star S through the transparent part of the horizon glass, it 
will see the same star, in the same place reflected from the silvered 
part ; for the star (or any similar object) is at such a distance that 
the rays of light which strike upon the index glass LG are par- 
allel to those which enter the eye directly. Therefore the angle 
of incidence 6cN being equal to the angle of reflexion at cNE, the 
ray b will be made, by reflexion, to coincide with the ray a, and 
exhibit the object at the same place. Now, suppose it were the 
object to measure the angular distance between two bodies, as 
the moon and a star, and let the star be at S and the moon at M, 
The telescope being still directed to S, turn the index arm IjI from 
A towards B until the image of the moon is brought down to S, 
its lower limb just touching S. By a principle in optics, the an- 
gular distance which the image of the moon passes over, is twice 
that of the mirror LG. But the mirror has passed over the grad- 
uated arc AI ; therefore double that arc is the angular distance 

between the star and the moon's loxoer limb. If we then bring 

8 
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the upper limb into contact with the star, the sum of both obBer- 
rations, divided by 2, will give the angular distance between the 
star and the moon's center. As each degree on the limb AB meas- 
ures two degrees of angular distance, hence the divisions for single 
degrees are in tact only half a degree asunder ; and a sextant, or 
the sixth part of the circle, measures an angular distance of 120°. 
The upper and lower points in the disk of the sun or of the moon 
may be considered as two separate objects, whose distance from 
each other may be taken in a similar manner, and thus their ap- 
parent diameters at any time be determined. We may select our 
points of observation either in a vertical, or in a horizimtal di- 
rection. 

130. If we make a star, or the limb of the sun or moon, ora 
of the objects, and the point in the horizon directly beneath, the 
other, we thus obtain the altitude of the object. In this ol»er- 
vation, the horizon is viewed through the transparent part of the 
horizon glass. At sea, where the horizon is usually well defined, 
the horizon itself may be used for taking altitudes ; but on land, 
inequalities of the earth's surface, oblige us to have recourse to 
an artijiciai horizon. This in its simple state, is a basin of either 
water or quicksilver. By this means we see the image of the 
sun (or other body) just as Ui below the horizon as it is in 
reality above it Hence, if we turn the index glass until the 
limb of the sun, as reflected from it, is brought into contact with 
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ohmrvet ; hence it is the chief instnunent used for angular meas- 
nzements at sea. 

131. ExampleM iUustraiing the use of t/ie Sextant. 

Er. 1. Alt. ©'s lower limb, . . A9P W W 
's semi-diameter, . . 15 61 

Subtract Refiaction, 

Add Parallax, 

True altitude ©'s center, • 49^ %& 08'' 

Ex. 2. With the Artificial Horizon. 

Altitude of ©'s upper limb above the image in the artificial ho- 
riion, lOQo 2' 47^ 

True altitude, .... 6(P 01' 23/^6 

O's semi-diameter, . . 00 16 50. 



49° 26' 61" 
00 00 49 


49° 26' 02" 
00 00 06 



490 45' 33/'5 
Refraction, 00 00 48. 



490 44' 45."6 
Parallax, 00 00 05. 



True altitude of ©'s center, . . 49^ 44' 50."5 

ASTRONOBUCAL PROBLEMS.* 

132. Cfiven the sun^s Right Ascension and Declination^ to find 
his Longitude and the Obliquity of the Ecliptic, 

Let PCP (Fig. 20,) represent the celestial meridian that passes 
through the first of Cancer and Capricorn, (the solstitial coluro,) 
PF the axis of the sphere, Ed the equator, E'C the ecliptic, and 
PSF the declination circle (Art. 37,) passing through the sun 
S ; then ARS is a right angle, and in the right angled spherical 



* Young's Spherical Trigonometry, p. 136. Vince'i Complete System, Vol. I, 




triangle ARS, are givea the right ri(.30. 

ascension AR (Art. 37,) and the 
decHoation RS, to find the longi- 
tude A3 (Art. 37,) aod the otiiir 
quity SAR. 

As longitude and right aacenaion 
are measured from A, the first point 
of Aries, ia the direction AS of the 
signs, quite round the globe, when, 
of the four quantities mentioned in 

the problem, the obhquity and the declination are given to find 
the others, we must know whether the sun is north, or whether 
it is south of the equator, the longitude being in the one case AS, 
and in the other, instead of AS', it is 360 -AS', that is, the sup- 
plement of AS'. We must also know on which side of the tropic 
the sun is, for the sun in passing from one of the tropics to the 
equinox, passes through the same degrees of decliaatitm ai it bad 
gone through in ascending from the other equinox to the tropto, 
althoDgh its longitude and light ascension go on contitioally in- 
creasing. From the 31st of March to the Slst of June, while 
describing the first quadrant from the vernal equinox, the decli- 
nation is north and increasing ; north but decreasing, in the aecond 
quadrant, until the 23d of September; south and increasing in 
the third quadrant, until the 21st of December ; and finally, in 
the fourth quadrant, south but decreasing until the 2l8t of Uari^. 

Ex. t. On the 17th of May, the sun's Right AacensJon was 




COS. AR 63<5 38' 0(K' 9.7730186) 
COS. RS 19 16 67 9.9749710 
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Hence the compatation for AS and A is as follows : 

For e4e Umgihtd» AS. • For the OHiquUy A. 

sin. AR 9.9069247 

tan. RS, ar. com. 0.4665209 

COS. AS 66 67 43 9.7479896 cot A 23^ 27' 601^' 10,3624456 

Ex. 2. On the 31st of March, 1816, the san's Declination was 
observed at Greenwich to be 4^ 13' 31}^' : required his Right 
Ascension, the obliquity of the ecliptic being 23^ 27' 61''. 

Ans. 90 47' 69". 
Ex. 3. What was the sun's Longitude on the 28th of Novem- 
ber, 1810, when his DecUnation was 21^ W 4", and his Right 
Ascension, in time, 16h. 14m. 68.4s. ? 

Ans, 246<^ 39' 10". 




fort, the two which lie next to it on each side will be adjacent parts. Thus, (in 

Fig. 21,) taking A for a middle part, b and e will be the adjacent partf ; if we take 

t for the middle part, A and B will be Fig. 21. 

the adjacent parts ; if we take B for the 

■iddle part, e and a will be the adjacent 

parts ; but if we take a for the middle AT 

part, then as the angle C is not considered 

ai one of tho circular parts, B and h are 

Ihe adjacent parts; and, lastly, ifb la the 

middle part, then the adjacent parts are A and a. The two parts immediately 

beyond the adjacent parts on each side, still disregarding the right angle, are called 

the apposite parts ; thus if A is tho middle part, the opposite parts are a and B. 

Napier's rule is as follows : 
Radius into th« sine of the middle party equals the product of the tnngents of the 

%ijaeeni extremes j or of the cosines of the opposite extremes. 

(The correspoodiog vowels are marked to aid the memory.) This rule is mod- 
ified by using the complements of the two angles and tho hypothenuse instead of 
the parts themselves. Thus instead of rad.Xsin. A, we say rad-Xc^s. A, when 
A is the middle part ; and rad.Xcos. AB, when tho hypothenuse is the middle part. 
Examples. 1. In the right angled triangle ABC, aro given the two perpendicular 
ndos, viz. fl=48^ 24' 10", fr=r>D° 38' 27", to find the hypothenuse c. The hy- 
pothenuse being made tho middle part, tho other sides become the opposite parts, 

being separated from the middle port by the angles A and B. Hence, rad. cos.c = 

COS. a cos. b ^ , g^ -^ , 
cos. a cos. 6. -.cos. c = — —^ =70^ 26' 29". 

2. In the splicrical triangle, right angled at C, are given two perpendicular sides, 

Tiz. a=llG-^ 30' 43", 6=29 ' 41' 32", to find the angle A. 

Here, the required angle ia adjacent to one of the given parts, viz. 6, which make 

the middle part. Then, 

. rad. X WD' b _^_, _, , ... 
Rad. Xtin. 6=cot. A tan. a. -.cot. A= — ^J^ — — ^6° 7' 14". 
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Ex. 4 The sun's Longitude being 8s. 7° A(y 56", and the Ob- 
liquity 23° 27' 42^', what was the Right Ascension in time ? 
Ans. 16b. 23m. 34s. 

133. Omen the sun's Declination itt Jind the time of his Rising 
and Siting at anyplace whose latitude is knovm. 

Let PEP* (Fig. 22,) represent the meridian of the place, Z 
being the zenith, and HO the horizon ; and let hU be tits appBr 
rent path of the sun on the tx^posed f'S- ^■ 

day, cutting the horizon in S. Then 
the arc EZ will be the latitude of the 
place, and consequently EH, or its 
equal ^0, will be the co-latitude, and 
this measures the angle OAQ, ; also 
RS will be the sun's declination, and 
AK eziffessed in time will be the time 
of rising before 6 o'clock. For it is 
evident that it will be sunrise when 

the sun arrires at the horizon at S ; but PP' being an hour circle 
whose plane is perpendicular to the meridian, (and of course pro- 
jected into a straight line on the plane of projection, ) the time the 
sun is passing firom S to S' taken from the time of describmg . 
Slj, which is six hours, must be the lime from midnight to sun- 
rise. But the time of describing SS' is measured on the cones- 
ponding arc of the equinoctial AR. 

Ill the right angled triangle ARS, wc have the dccliiialiog RS, 
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Ex. 2. Required the time of sunrise at latitude 57^ 2' 5Af' N. 
when the sun's declination is 23^ 28^ 

Ans. 3h. 11m. 49s. 
Ex. 3. How long is the sun above the horizon in latitude 58^ 
12^ N. when his declination is 18^ 40' S. ? 

Ans. Th. 35m. 52s. 

134 CKvefi the Latitude of the place, and the Declination of 
a heavenly body, to determine its Altitude and Azimuth when on 
the six o^clock hour circle. 

Let HZO (Fig. 23,) be the meridian of the place, Z the zenith, 



Fig. 23. 



HO the horizon, S the place of 

the object on the 6 o'clock hour 

circle PSP, which of course cuts 

the equator in the east and west 

points, and ZSB the vertical 

circle passing through the sun. 

Then in the right angled trian- ] 

gle SBA, the given quantities 

are AS, which is the declination, 

and the arc OP or angle SAB, 

the latitude of the place, to find 

the altitude BS, and the azimuth 

BO, or the amplitude AB, which is its complement. 

Ex. 1. What was the altitude and azimuth of Arcturus, when 
upon the six o'clock hour circle of Greenwich, lat. 51° 28' 4(y' 
N. on the first of April, 1822 ; its declination being 2(P 6' BO"' N. ? 

For tht Altitude. For the Azimuth. 

Rad. sin. BS=sin. AS sin. A Rad. cos. A=cot. BO cot. AS 
Rad. . . 10. Cot. 20° 06' 50^' 10.4362545 

Cos. 51 28 40 9.7943612 

Rad. . . 10. 




Sin. 20° 06' 50" 9.5364162 
Sin. 51 28 40 9.8934103 



Sin. 15 36 27 9.4298265 Cot. 77° 09' 04" 9.3581067 

Ex. 2. At latitude 62° 12' N. the altitude of the sun at 6 o'clock 
in the morning was found to be 18° 20' 23" : required his decli- 
nation and azimuth. 

Ans. Dec. 20° 50' 12" N. Az. 79° 56' 11", 

135. The Latitudes and Longitudes of two celestial objects 
being given, to find their Distance apart. 
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Let P (Fig. 24,) represent the pole of the ecliptic, and PS, PS', 
two arcs of celestial latitude (ArL 37,) diavn to the tvo objects 
SS'; then will these arcs represent the fig. 24. 

co-latitudes, the angle P will be the 
difference of longitude, and the arc SS' 
will be the distance sought. Here we 
have the two sides and included angle 
given to find the third side. By Na- ®"* 
pier's Rules for the solution of oblique angled spherical triangles, 
(see Spherical Trigonometry,) the sum and difference of the two 
angles opposite the given sides may be found, and thence the an- 
gles themselves. The required side may then be found by the the- 
orem, that the sines of the sides are as the sines of their opposite 
angles.* The computation is omitted here on account of its great 
length. If P be the pole of the equator instead of the ecUptic, 
then PS and PS' will represent arcs of co-declination, and the 
angle P will denote difference of right ascensioji. From these 
data, also, we may therefore derive the distance between any two 
stars. Or, finally, if P be the pole of the horizon, the angle at 
P will denote difference of azimuth, and the sides PS, PS', zenith 
distances, from which the side SS' may likewise be determined. 

FIGURE AND DERStTT OF THE EAKTB. 

136. We have already shown, (Art. 8,) that the figure of the 
earth is nearly globular ; but since the semi-diameter of the earth 
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the earth on its axis — ^by measuring arcs of the meridian — ^by 
experiments with the pendulum — and by the unequal action of 
the earth on the moony arising irom the redundance of matter 
about the equatorial regions/ We will briefly consider each of 
these methods. 

/ 137. First, the knoum effects of the centrifugal force, would 
give to the earth a spheroidal figure, elevated in the ejuatorialf 
and flattened in the polar regions. 

Had the earth been originally constituted (as geologists sup- 
pose) of yielding materials, either fluid or semi-fluid, so that 
its particles could obey their mutual attraction, while the body 
remained at rest it would spontaneously assume the figure of a 
perfect sphere ; as soon, however, as it began to revolve on its 
axis, the greater velocity of the equatorial regions would give to 
them a greater centrifugal force, and cause the body to swell out 
into the form of an oblate spheroid./ Even had the solid part of 
the earth consisted of unyielding materials and been created a 
perfect sphere, still the waters that covered it would have receded 
fiam the polar and have been accumulated in the equatorial re- 
gions, leaving bare extensive regions on the one side, and ascend- 
ing to a mountainous elevation on the other. 

On estimating, from the known dimensions of the earth and 
the velocity of its rotation, the amount of the centrifugal force in 
different latitudes, and the figure of equilibrium which would 
result, Newton inferred that the earth must have the form of an 
oblate spheroid before the fact had been established by observa* 
tion ; and he assigned nearly the true ratio of the polar and equa- 
torial diameters. 

138. Secondly, the spheroidal figure of the earth is proved, by 
actually measuring the length of a degree on the meridian in 
different latitudes. 

Were the earth a perfect sphere, the section of it made by a 
plane passing through its center in any direction would be a per- 
fect circle, whose curvature would be equal in all parts ; but if 
we find by actual observation, that the curvature of the section is 
not uniform, we infer a corresponding departure in the earth from 

9 
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the figure of a perfect sphere. This task of measuring portions <tf 
the meridian, has been executed in difierent countries by means 
of a system of triangles with astonishing accuracy.* The result 
is, that the length of a degree increases as we proceed itom the 
equator towardB the pole/ as may be seen from the following table : 





Uiml=. . 


L.mhor.d.i.u'Kniw 


Peru, 


00= m 00" 


68.732 


Pennsylvania, 


39 12 00 


6E|,896 


Italy, 


43 01 00 


68.998 


France, 


46 12 00 


69.064 


England, 


61 29 64J 


69.146 


Sweden, 


66 20 10 


69.292 



Combining the results of various estimates, the dimensiwis of 
the terrestrial spheroid are found to be as follows : 

Equatorial diameter, . . , 7926.648 
Polar diameter, .... 7899.170 

Mean diameter 7912.409 

The difference between the greatest and least, is 26.478c=,j, 
of the greatest. This fraction (ji,) is denominated the eUipUdty 
of the earth, being the excess of the transverse over the conjugate 
axis, -on the supposition that the section of the earth coinciding 
with the meridian, is an ellipse j and that such is the case, Is 
proved by the fact that calculations on this hypothesis, of dte 
lengths of arcs of the meridian in different latitudes, agree with 
the lengths obtained by actual measurement 
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-.140. Fourthly, that the earth is of a spheroidal figure, is «n- 
ferredfrom the mf^ians of the moon. 

Thesa are found to be affected by the excess of matter about 
the equatorial regions, producing certain irregularities in the lunar 
motions, the amount of which becomes a measure of the excess 
itself, and hence affords the means of determining the earth's 
dlipticifj^ This calculation has been made by the most profound 
mathematicians, and the figure deduced from this source corres- 
ponds very nearly to that derived from the several other indepen- 
dent methods. 

We thus have the shape of the earth established upon the most 
satisfactory evidence, and are furnished with a starting point from 
which to determine various measurements among the heavenly 
bodies. 

141. ' The density of the earth compared with water, that is, its 
q)ecific gravity, is 6}.* The density was first estimated by Dr. 
Button, from observations made by Dr. Maskelyne, Astronomer 
Rojral, on Schehallien, a mountain of Scotland, in the year 1774 
Thus, let M (Fig. 26,) represent 
the mountain, D, B, two stations 
on opposite sides of the moun- 
tain, and I a star ; and let IE 
and IG be the zenith distances as 
determined by the differences of 
latitudes of the two stations. But 
the apparent zenith distances as 
determined by the plumb line 
are IE' and IG'. The deviation 
towards the mountain on each 
side exceeded 7''.t ^^^ attrac- 
tion of the mountain being ob- 
served on both sides of it, and 
its mass being computed from a number of sections taken in all 
diiBctions, these data, when compared with the known attraction 
and magnitude of the earth, led to a knowledge of its mean den- 
sity. According to Dr. Button, this is to that of water as 9 to 2 ; 




Bailly, Ait. Tables, p. 21. 



f Robiion*! Phys. Ait, 
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but later and more accurate estimates have made the specific 
gravity of the earth as stated above. But Uiis density is nearly 
double the average density of the materials that compose the 
exterior crust of the earth, showing a great increase of density 
towards the center. 

The density of the earth is an important element, as we shall 
find that it helps us to a knowledge of the duisity of each of tin 
other members of the solar system. 
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PART n,— OF THE SOLAR SYSTEM. 



142. Having considered the Earth, in its astronomical relations, 
and the Doctrine of the Sj^ere, we proceed now to a survey of 
the Solar System, and shall treat saccessively of the Sun, Moon, 
Planets, and Comets. 



CHAPTER I. 



OF THE SUN SOLAR SPOTS-*— ZODIACAL LIGHT. 

143. livns. figure which the sun presents to us is that of a per- 
fect circle, whereas most of the planets exhibit a disk more or less 
elliptical, indicating that the true shape of the body is an oblate 
spheroid. So great, however, is the distance of the sun, that a 
line 400 miles long would subtend an angle of only V at the eye, 
and would therefore be the least space that could be measured. 
Hence, were the difference between two conjugate diameters of 
the sun any quantity less than this, we could not determine by 
actual measurement that it existed at all. Still we learn from 
theoretical considerations, founded upon the known effects of cen- 
trifugal force, arising from the sun's revolution on his axis, that 
his figure is not a perfect sphere, but is slightly spheroidal.'**' 

144. The distance of the sun from the earthy is nearly 95,000,000 
miles. For, its horizontal parallax being 8.''6, (Art. 86,) and the 
semi-diameter of the earth 3956 miles, 

Sin. 8.''6 : 3956: :Rad. : 95,000,000 nearly.'^ In order to form 
some faint conception at least of this vast distance, let us reflect 
that a railway car, moving at the rate of 20 miles per hour, would 
require more than 500 years to reach the sun. 

* Sec Mecanique Celeste, III, 165. Delambre, 1. 1, p. 483. 
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145. The appaient diameter of the eun may be found either by 
the Sextant, (Art. 129,) by an instrument called the HeUametar, 
specially designed for measuring its angular breadth, or by the time 
it occupies in crossing the meridian. If, for examjde, it occuiHed 
4^, its angular diameter would be 1°. It in fact ^occupies a little 
more than 2°°, and hence its apparent diameter is a little more than 
half adegree, (32' 3"). Having the distance and angular diameter, 
we can easily find its Unear diameter. Let E (Fig. 26,) be the 
earth, 3 the sun, E3 a line drawn to the p j ^e. 

center of the disk, and EC a line drawn 
touching the disk at C. Join SC ; then 

Rad. : ES (96,000,000) : : sin. W \."5 : 
442840 =seim-diameter, and 886680=diam- 



eter. And -gjg =112 nearly; that is, it 

would require one hundred and twelve bodies 

like the earth, if laid side by side, to reach 

across the diameter of the sun ; and a ship 

sailing at the rate of ten knots an hour, would 

require more than ten years to sail acroBS the 

solar disk. Since spheres are to each other as E 

the cubes of their diameters, 

1* : 112>::1 : 1,400,000 nearly; that is, the sun is about 
1,400,000 times as large as the earth. The distance of the moon 
from the earth being 237,000 miles, were the center of the sun 
made to coincide with' the center of the earth, the sun would 
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distance of the center of force were the same in both cases ; 'but 

since the attraction of a sphere is the same as though all the 

matter were collected in the center, consequently, the weight of 

a body, so far as it depends on its distance from the center of force, 

would be the square of 112 times less at the sun than at the earth. 

Or, putting W for the weight at the earth, and W for the weight 

at the sun, then 

„ ^ 1 350000 ^ „ 

W : W: : jj : .^^g., =27.9 lbs. 

Hence a body would weigh nearly 28 times as much at the sun 
as at the earth. A man weighing 200 lbs. would, if transported 
to the surface of the sun, weigh 5,580 lbs., or nearly 2} tons. To 
lift one's limbs, would, in such a case^ be beyond the ordinary 
power of the muscles. At the surface of the earth, a body falls 
through 16 f\ feet in a second ; and since the spaces are as the 
velocities, the times being equal, and the velocities as the forces, 
therefore a body would fall at the sun in one second, through 
16 j'yX 27x^=448.7 feet. 

SOLAR SPOTS. 

147. The surface of the sun, when viewed with a telescope, 
usually exhibits dark spots, which vary much, at different times, 
in number, figure, and extent. One hundred or more, assembled 
in several distinct groups, are sometimes visible at once on the 
solar disk. The greatest part of the solar spots are commonly 
very small, but occasionally a spot of enormous size is seen occu- 
pying an extent of 50,000 miles in diameter. They are some- 
times even visible to the naked eye, when the sun is viewed 
through colored glass, or, when near the horizon, it is seen through 
light clouds or vapors. When it is recollected that 1'' of the solar 
disk implies an extent of 400 miles, (Art. 143,) it is evident that 
a space large enough to be seen by the naked eye, must cover a 
very large extent. 

A solar spot usually consists of two parts, the nucleus and the 
ufnbra, ( Fig. 27. ) The nucleus is black, of a very irregular shape, 
and is subject to great and sudden changes, both in form and size. 
Spots have sometimes seemed to burst asunder, and to project frag- 
ments in different directions. The umbra is a wide margin of lighter 




73 THE 

shade, and is often of greater ^»- ^- 

extent than the nucleus. The 
spots are usually confined to a 
zone extending across the cen- 
tral regions of the sun, not ex- 
ceeding 60° in breadth. When 
the spots are observed from day 
to day, they are seen to move 
across the disk of the sun, occu- 
pying about two weeks in pass- 
ing from one limb to the other. 
After an absence of about the same period, the spot retnnu, hav- 
ing taken 27d. 7h. 37m. in the entire revolution. 

148. The spots must be nearly or quite tn contact with the body 
of the sun. Were they at any considerable distance from it, the 
time during which they would be seen on the solar disk, would 
be less than that occupied in the remainder of the revolution. 
Thus, let S (Fig. 28,) be the sun, E the earth, and cAc the path 
of the body, revolving about the sua, Fig. 39. 

Unless the spot were nearly or quite 
in contact with the body of the sunt 
being projected Upon his disk only 
while passing from b to r, and being 
invisible while describiug the arc cab, 
it would of course be out of sight Ion- 
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V 

exceeds it by nearly two days. For, let AA^ (Fig. 29,) repre^ 
sent the sun, and EE^ the orbit of the earth. Thus, when the 
earth is at E, the visible disk of the sun 
will be AA^ ; and if the earth te- 
mained stationary at E, the time occur 
pied by a spot after leaving A until it 
returned to A, would be just equal to 
the time of the sun's revolution on 
his axis. But during the 27} days in 
which the spot has been performing 
its apparent revolution, the earth has 
been advancing in his orbit from E to 
E^, where the visible disk of the sun is A^B'. Consequently, be- 
fore the spot can appear again on the limb from which it set out, 
it must describe so much more than an entire revolution as equals 
the arc AA', which equals the arc EE?. Hence, 

366d. 6h. 48m.+27d. 7h. 37m. : 366d. 6h.^48m.::27d. 7h. 
37m. : 25d. 9h. 66m. ^the time of the sun's revolution on his axis. 

149. If the path which the spots appear to describe by the 
revolution of the sun on his axis left each a visible trace on his 
surface, they would form, like the circles of diurnal revolution 
on the earth, so many parallel rings, of which that which passed 
through the center would constitute the solar equator, while those 
on each side of this great circle would be small circles, corres- 
ponding to parallels of latitude on the earth. Let us conceive 
of an artificial sphere to represent the sim, having such rings 
plainly marked on its surface. Let this sphere be placed at some 
distance from the eye, with its axis perpendicular to the axis of 
vision, in which case the equator would coincide with the line of 
vision, and its edge be presented to the eye. It would therefore 
be projected into a straight line. The same would be the case 
with all the smaller rings, the distance being supposed such that 
the rays of hght come from them all to the eye neariy parallel. 
Now let the axis, instead of being perpendicular to the line of 
vision, be inclined to that line, then all the rings being seen ob- 
liquely would be projected into ellipses. If, however, while the 
sphere remained in a fixed position, the eye were carried around it, 

10 
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(being always in the same plane,] twice during the circuit it 
would be in the plane of the equator, and project this and all the 
smaller circles into straight lines ; and twice, at points 90° distant 
from the foregoing positions, the eye would be at a distance fiom 
the planes of the rings equal to the inclination of the equiUor of 
the sphere to the line of vision. Here it would project the rii^ 
into wider ellipses than at other points ; and the ellipses would 
become more and more acute as the eye departed from either of 
these points, until they vanished ^ain into straight lines. 

150. It is in a similar manner that the eye views the paths de- 
scribed by the spots on the sun. If the sun revolved tm an axis 
perpendicular to the plane of the earth's orbit, the eye being sitit- 
ated in the plane of revolution, and at such a distance from the 
sun that the light comes to the eye from all parts of the solar 
disk nearly parallel, the paths described by the spots would be 
projected into straight lines, and each would describe a straight 
line across the solar disk, parallel to the axis of vision. But the 
axis of the sun is inclined to the ecliptic about 7^*^ from a per- 
pendicular, so that usually all the circles described by the spots 
are projected into ellipses. The breadth of these, however, will 
va^ as the eye, in the annual revolution, is carried around the 
sun, and when the eye comes into the plane of the rings, as it 
does twice a year, they are projected into straight lines, and for a 
short time a spot seems moving in a straight line inclined to the 
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151. With ngsid to the cause of the aolar spots, various hy- 
potheses hare been inoposed, none of which is antirely satisfac- 
tny. That which ascribes their origin to volcanic action, appears 
lo m the most reasooaUe.* 

Besides the dark spots oa the sun, there are also seen, in different 
parts, [daces that are brighter than the neighboring portions of the 
disk. These are called facuke. Other inequalities are observa^ 
Me in powerful telescopes, all indicating that the surface of the 
foa IB in a state of constant and powerful agitation. 



ZODIACAL LIGHT. 

152. The Zodiacal Light is a faint light resembling the tail of 
a comet, and is seen 4t certain seasons of the year following the 
course of the sun after evening twilight, or preceding his approach 
in the moroing sky. Figure 30 represents its appearance as seen 
in the evening in March, 1836. The following are the leading 
fiusts respecting it. 

1. Its form is that of a luminous ^'8- 30. 

pyramid, having its base towards I 
the sun. It reaches to an immense 
distance from the sun, sometimes | 
even beyond the orbil of the earth. 
It is brighter in the parts nearer the I 
sun than in those that are more I 
remote, and terminates in an ob- 
tuse apex, its light fading away by 
insensible gradations, until it be- 
comes too feeble for distinct vision. 
Hence its limits are at the same | 
time, fixed at different distances 
from the sun by different observers, 
according to their respective powers 
of vision. 

2. Its aspects vary very much with the different seasons of the 
year. About the first of October, in our climate (Lat. 41° 18') 
it becomes visible before the dawn of day, rising along north of 

* In the ijstenl of initructlon in Ygte College, lubjecU of lliii kind ore dn- 
ctuBed in a coilne of litroaomical lectures, addrened to ibe cIim t,Tlet tbcy hav* 
< fiai*h«d [he pctutal of the texl-book. 
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the ecliptic, and tenmoating above the nebula of Cancer. About 
the middle of November, its vertex ia in the const^llatioo Leo. 
At this time no traces of it are seen in the west after aunset, but 
&bout the first of December it becomes faintly visible in the west, 
crossing the Milky Way near the horizon, and reaching from the 
sun to ttie bead of Capricomus, formii^, as its brightness incceases, 
a counterpart to the Milky Way, between which on the right, 
and the Zodiacal Light on the left, lies a triangular space anbia^ 
cing the Dolphin. Through the month of December, the Zodi- 
acal Light is seen on both sides of the sun, namely, before the 
morning and after the evening twilight, sometimes extending 50° 
westward, and 70° eastward of the sun at the same time. After 
it begins to appear in the western sky, it increases rapidly from 
night to night, both in length and brightness, and withdraws itself 
from the morning sky, where it is scarcely seen after the month 
of December, until the next October. 

3. The Zodiacal Light moves through the heavena in the order 
of the signs. It moves with unequal velocity, being sometimes 
stationary and sometimes retrograde, while at other times it ad- 
vances much faster than the sun. In February and March, it is 
very coas^HCUOua in the west, reaching to the Pleiades and bft- 
yond ; but in April it becomes more faint, and neariy or quite dis- 
appean during the month of May. It is scarcely seen in thji 
latitude during the rammer months. 

4. /f it remarkablji eonapicuous at certain periods of a few 
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CHAPTER II. 



OP THX Al>PAR£NT ANITUAL MOTION OF THE SUN — REASONS 

FIGUBE OF THE EABTH's OBBIT. 



163. The revolution of the earth around the sun once a year, 
jKoduces an apparent motion of the sun around the earth in the 
same period. When bodies are at such a distance £rom each other 
as the earth and the sun, a spectator on either would project the 
other body upon the concave sphere of the heavens, always seeing 
it on the opposite side of a great circle, 180^ from himself. Thus 
when the earth arrives at libra (Fig. 11,) we see the sun in the 
opposite sign Aries. When the earth moves from Libra to Scor- 
pio, as we are unconscious of our own motion, the sun it is that 
Bppeais to move from Aries to Taurus, being always seen in the 
heavens, where a line drawn from the eye of the spectator through 
the body meets the concave sphere of the heavens. Hence the 
line of projection carries the sun forward on one side of the 
ecUptic, at the same rate as the earth moves on the opposite side ; 
and therefore, although we are unconscious of our own motion, 
we can read it from day to day in the motions of the sun. If we 
could see the stars at the same time with the sun, we could actu- 
ally observe from day to day the sun's progress through them, as 
we observe the progress of the moon at night ; only the sun's rate 
of motion would be nearly fourteen times slower than that of the 
moon. Although we do not see the stars when the sun is present, 
yet after the sun is set, we can observe that it makes daily pro- 
gress eastward, as is apparent from the constellations of the Zo- 
diac occupying, successively, the western sky after sunset, proving 
that either all the stars have a common motion eastward inde- 
pendent of their diurnal motion, or that the sun has a niotion past 
them, from west to east. We shall see hereafter abundant evi- 
dence to prove, that this change in the relative position of the sun 
and stars, is owing to a change in the apparent place of the sun, 
and not to any change in the stars. 
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164 Although the apparent revolution of the sun is in a diiec- 
tion opposite to the real motion of the earth, as regards absolute 
space, yet both are nevertheless from west to east, since these 
terms do not refer to any directions in absolute space, but to the 
order in which certain constellations (the constellations of the 
Zodiac) succeed one another. The earth itself, on opposite sides 
of its orbit, does in fact move towards directly opposite points of 
space ; but it is all the while pursuing its course in the csder of 
the signs. In the same manner, although the earth turns on i(a 
axis from west to east, yet any place on the surface of the earth 
is moving in a direction in space exactly opposite to its direction 
twelve hours before. If the sun left a visible trace on the face 
of the sky, the ecliptic would of course be distinctly marked on 
the celestial sphere as it is on an artificial globe ; and were the 
equator delineated in a similar manner, (by any method like that 
supposed in Art. 46,) we should then see at a glance the relative 
position of these two circles, the points where they intersect one 
another constituting the equinoxes, the points where they are at 
the greatest distance asunder, or the solstices, and various other 
particulars, which, for want of such visible traces, we are now 
obliged to search for by indirect and circuitous methods. It will 
even aid the learner to have constantly before his mental vision, 
an imaginary delineation of these Jwo important circles on the 
face of the sky. 
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clination is readily found, by subtracting that distance from the 
latitude. By thus taking the sun's declination for every day of 
the year at noon, and comparing the results, we learn its motion 
to and from the equator.} 

156. To obtain the motion in right ascension, we observe, with 
a transit instrument, the instant when the center of the sun is on 
the meridian. Our sidereal clock gives us the right ascension in 
time (Art. 124,) which we may easily, if we choose, convert into 
degrees and minutes, although it is more common to express right 
ascension by hours, minutes, and seconds. The differences of 
right ascension from day to day throughout the year, give us the 
sun's annual motion parallel to the equator. From the daily re- 
cords of these two motions, at right angles to each other, arran- 
ged in a table,* it is easy to trace out the path of the sun on the 
artificial globe ; or to calculate it with the greatest precision by 
means of spherical triangles, since the declination and right ascen- 
sion constitute two sides of a right angled spherical triangle, the 
corresponding arc of the ecliptic, that is, the longitude, being the 
third side, (Art. 132.) By inspecting a table of observations, 
we shall find that the declination attains its greatest value on 
the 22d of December, when it is 23^ 27' 54'' south ; that from 
this period it diminishes daily and becomes nothing on the 21st 
of Meurch ; that it then increases towards the north, and reaches 
a similar maximum at the northern tropic about the 22d of June ; 
and, finally, that it returns again to the southern tropic by gra- 
dations similar to those which marked its northward progress. 
Our table of observations also shows us, that the daily differences 
of declination are very unequal ; that, for several days, when the 
sun is near cither tropic, its declination scarcely varies at all ; 
while near the equator, the variations from day to day are very 
rapid, — a fact which is easily understood, when we reflect, that 
at tlie solstices the equator and the ecliptic are parallel to each 
other,! both being at right angles to the meridian ; while at the 



• Such a table may be found in Blot's Astronomy, in Dolambre, and in most 
collcctionB of Astronomical Tables. 

t Or, more properly, the tangents of the two circles (which denote the direc- 
tions of the curves at those points) are parallel. 
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equinoxes, the ecliptic departs most rapidly from the duvction of 
the equator. 

Od examining, in tike manner, a table of observations of the 
right ascension, we find that the daily differences of right ascen- 
sion are likewise unequal ; that the mean of them all is 3' 66", 
or 236", but that they have varied between 215" and 266". On 
examining, moreover, the right ascension at each of the equi- 
noxes, we find that the two records differ by 180° ; which proves 
that the path of the sun is a great circle, since no other would 
bisect the equinoctial as this does. 

157. The obliquity of the ecliptic is equal to the sun's greatest 
declination. For, by article 22, the inclination of any two great 
circles is equal to their greatest distance asunder, as measured on 
the sphere. The obliquity of the ecliptic may be determined 
from the sun's meridian altitude, or zenith distance, on the day 
of the solstice. The exact Instant of the solstice, however, will 
not of course occur when the sun is on the meridian, but may 
happen at some other meridian ; still, the changes of declination 
near the solstice are so exceedingly small, that no material error 
will result from this source. The obliquity may also be found, 
without knowing the latitude, by observing the greatest and 
least meridian altitudes of the sun, and taking half the difference. 
This is the method practiced in ancient times by Hif^iarchui, 
(Art. 2.) On comparing observations made at different periods 
for more than two thousand years, it is found, that the obliquity 
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Since the distance of the earth from the sun is 95,000,000 
miles, and the length of the entire orbit nearly 600,000,000 miles, 
it will be foond, on calculation, that the earth moves 1,640,000 
fldles per day, 68,000 miles per hour, 1,100 miles per minute, 
and nearly 19 miles every second, a velocity nearly sixty times 
as great as the maximum velocity of a cannon ball. A place on 
the earth's equator turns, in the diurnal revolution, at the rate of 
about 1,000 miles an hour and /^ of a mile per second. The 
motion around the sun, therefore, is nearly 70 times as swift as 
the greatest motion around the ads. 

THE SEASONS. 

159. 77l« change of seasons depends on two causes, {l)the ob- 
SquUy of the ecliptic, and (2) the eartKs axis always remaining 
parallel to itself Had the earth's axis been perpendicular to the 
plane of its orbit, the equator would have coincided with the 
ecliptic, and the sun would have constantly appeared in the equa- 
tor. To the inhabitants of the equatorial regions, the sun would 
always have appeared to move in the prime vertical ; and to the 
inhabitants of either pole, he would always have been in the ho- 
rizon. But the axis being turned out of a perpendicular direc- 
tion 23^ 28', the equator is turned the same distance out of the 
ecliptic ; and since the equator and ecliptic are two great circles 
which cut each other in two opposite points, the sun, while per- 
forming his circuit in the ecliptic, must evidently be once a year 
in each of those points, and must depart from the equator of the 
heavens to a distance on either side equal to the inclination of the 
two circles, that is, 23^ 28^ (Art. 22.) 

160. The earth being a globe, the sun constantly enlightens 
the half next to him,* while the other half is in darkness. The 
boundary between the enlightened and the unenlightened part, is 
called the circle of iUumination. When the earth is at one of 
the equinoxes, the sun is at the other, aijd the circle of illumina* 

* In fact, the sun enlightens a little more than half the earth, since on account 
of his Tast magnitude the tangents drawn from opposite sides of the sun to oppo- 
site sides of the earth, conTerge to a point behind the earth, as will be seen by 
and by in the representation of eclipses. 

11 



tton passes through both the poles. When the earth reaches one 
of the tropics, the sun being at the other, the circle of iUnmitn- 
tion cuts the earth, so as to pass 23° 28' beyond the nearer, and 
the same distance short of the remoter pole. These results wonld 
not be unifonn, were not the earth's axis always to remain parallel 
to itself. The following %uie will illuatiate the fcsegoing state- 
ments. 

Fifl. 31. 
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Km of every place, of ooune the day and night will he equal in 
all parts of the glohe.* Again, at B when the earth is at the 
southern tropic, the sun shines 23^^ beyond the north pole n, 
and fidls the same distance short of the south pole s. The case 
is exactly reversed when the earth is at the northern tropic and 
the sun at the southern. While the earth is at one of the tropics, 
at B for example, let us conceive of it as turning on its axis, and 
we shall readily see that all that part of the earth which lies 
within the north polar circle will enjoy continual day, while that 
within the south polar circle will have continual night, and that 
all other places will have their days longer as they are nearer to 
the enlightened pole, and shorter as they are nearer to the unen- 
lightened pole. This figure likewise shows the successive posi- 
tions of the earth at different periods of the year, with respect to 
the signs, and what months correspond to particular signs. Thus 
the earth enters Libra and the sun Aries on the 21st of March, 
and on the *2l8t of June th^ earth is just entering Capricorn and 
the son Cancer. 

161. Had the axis of the earth been perpendicular to the plane 
of the ecliptic, then the sun would always have appeared to move 
in the equator, the days would every where have been equal to the 
nights, and there could have been no change of seasons. On the 
other hand, had the inclination of the ecliptic to the equator been 
much greater than it is, the vicissitudes of the seasons would have 
been proportionally greater than at present. Suppose, for instance, 
the equator had been at right angles to the ecliptic, in which case 
the poles of the earth would have been situated in the ecliptic 
itself ; then in different parts of the earth the appearances would 
have been as follows. To a spectator on the equator, the sun as 
he left the vernal equinox would every day perform his diurnal 
revolution in a smaller and smaller circle, until he reached the 
north pole, when he would halt for a moment and then wheel 
about and return to the equator in the reverse order. The pro^ 
gress of the sun through the southern signs, to the south pole, 
would be similar to that already described. Such would be the 

* At the pole, 'the lolar disk, at the time of the equinox, appean bisected bj 
the horizon. 
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162. Thos &r we hxn taken Ae eardt's oibit as a gieat ciick, 
SDch being the [xojectioa of it on the celestial qbere ; but ve 
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on Ibrtber trial, we fiod that it haa the propertiea of an ellipse. 
Tbns, let E (Fig. 32,) be the i^ace of the earth, and a, b, c, &c. 
necenive poeitiotu of die niu ; the relative lengths of the linea 
Eb, EA, dec beiog knovD : on connecting the points, a, b, c, &c. 
Ifae nmltisg figure indicates the true shape of the earth's orbit. 
Fi|. 32. • 




1 63. These relative ^stances are found in tvo different ways ; 
bat, by changes in the sun'8 apparent diameter, and,- 8econdl7, 
iy variationa in his angular vekcity. Were the varialions ra 
the sun's horizontal paiallaz considerable, aa is the case with the 
moon's, this might be made the measure of the relative distances, 
for the parallax varies inversely as the distance, (Art. 82) ; but 
the whole horizontal parallax of the sun is only 9", and its varia- 
tions are too slight and delicate, and too difficult to be found, to 
serve as a criterion of the changes in the sun's distance from the 
earth. But the changes in the sujVs apparent diameter, are much 
more sensible, and furnish a better method of measuring the rel- 
ative distances of the earth from the sun. By a principle in op- 
tics, the apparent diameter of an object, at different distances 
from the spectator, is inversely as the distance.* Hence, the ap- 
parent diameters of the sun, taken at different periods of the year, 
become measures of the different lengths of the radius vector. 



* More oiaclly, the UnfoUof the apparent diameter u iavenelj u the dialance; 
but in Rmall anglei like Ihoaa coDcerned id tlie pretonl inquiry, lh« angle itself 
maj be taken for the tangent. 



164. The point where the earth, or any jdanet, in its nrolation, 
is nearest the ma, is called its perihelion : the point where it ia 
forthest from the sun, its aphdion. The place of the earth's peri- 
helion is known, since there the apparent magnitude of the snn 
is greatest ; and whui the sun's mE^initade is least, the earth is 
known to he at its iqihelion. The sun's apparent diameter when 
greatest is 32' 35. "6 ; and when least, 31' 31'' ; hence the radius 
vector at the aj^ehon : rad. vecto- at the perihelion: :32.6933 : 
31.5167 : : 1.034 : 1. Half the difference of the two is equal to 
the distance of the focus of the ellipse from the center, a quan- 
tity which is always taken as the measure of the eccentricity of a 
jdanetary orbit. 

165. The differences of angular velocity in the sun in the dif- 
ferent parts of his apparent revolution, are still more remarkable. 
At the petiheUon, the sun moves in twenty four hours over an arc 
of 61', while at the aphelion he describes in the same time an 
arc of only 57', these being the daily increments of longitude in 
those two points respectively. If the apparent modems of the 
8un depended alone on our different distances from him, the an- 
gular velocity would vary inversely as the distance, and the ratio 
expressed by these two numbers would be the same as that of 
the two numbers which denote the differences of apparent diam- 
eter in these two points. That is, == ( = 1.07) would equal 
32.5933 
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this principle, the relative distances of the earth from the sun, in 
every point of its revolution, may be easily calculated. Thus, we 
have seen that the arcs described by the sun in one day at the 
perihelion and aphelion are as 61 to 57. Hence the distances of 
the earth from the sun at those two points are as v^67 to v^61, 
or as 1 to 1.034. From twenty four oboMrvations made with 
the greatest care by Ite. Maskelyne at the Royal Observatory of 
Greenwich, the following distances of the earth from the sun are 
determined for each month in the year. 



Timeef Observattoit. 


Distances. 


"nme of Observation. 


Distances. 


January 12-13, 


0.98448 


July 1&-19, 


1.01668 


Fehnary 17-18, 


0.98960 


August 26-27, 


1.01042 


March 14-16, 


0.99622 


September 22-23, 


1.00283 


April 28-29, 


1.00800 


October 24-25, 


0.99303 


May 16-16, 


1.01234 


November 18-20, 


0.98746 


June 17-18, 


1.01664 


December 17-18, 


0.98416 




167. The angular velocity being ***«• ^• 
inversely as the square of the dis- 
tance in all parts of the solar orbit, 
it follows that theprodiLct of the an- 
gle described in any given time, by 
the square of the distance, is always 
the same constant quantity. For 
if of two factors, A xB, A is in- 
creased as B is diminished, the px)- 
duct of A and B is always the same. 
If, therefore, from the sun S (Fig. 
33,) two radii be drawn to T, B, the extremities of the arc de- 
scribed in one day, then ST' xTB gives the same product in all 
parts of the orbit.* 

168. The radius vector of the solar orbit describes equal spaces 
in equal times, and in unequal times, spaces proportional to the 
times. 

Let TB (Fig. 33,) be the arc described by the sun in one day; 
then, Sector TSB=iSB x TB. 

* TB) as seen from the earth, would be projected into a circular arc, equal to the 
measure of the angle at S. 
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Takmg Si as any ladins, describe the ciiealar arc ab, wiiich is 
the measure of the aogle at S. Now, 
ab 
Sb : aby.SB t BT=SBXg^; and substitatiag this value of 

ab 
BT in the above equation, we have TSBsJSBxSBXgi=}SB* X 

ab 

gi- But 8b is constant, and the product of SB' xoA is Ukewistf 

constant ; therefore the sector is always equal to a constant quan- 
tity, and therefore the radius vector passes over equal spaces in 
equal times.* , 

The sun's orbit may be accurately represented by taking some 
point as the perihelion, drawing the radius vector to that point, 
and, considering this line as unity, drawing other radii making 
angles with each other such that the included areas shall be pro- 
portional to the times, and of a length required by the distance of 
each point as given in the table (Art. 166.) On connecting these 
radii, we shall thus see at once bow little the earth's orbit departs 
from a perfect circle. Small as the difference appears between 
the greatest and least distances, yet it amounts to neaily ^ of the 
periheUon distance, a quantity no less than 3,000,000 of miles. 

169. The foregoing method of determining the figure of the 
earth's orbit is founded on observation ; but this figure is subject 
to numerous irregularities, the nature of which cannot be clearly 
understood without a knowledge of the leading principles of 
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CHAPTER III. 



or UNITXBSAI. GRATITATHKr. 



/■'' 
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170. Uniyebsal Gravitation, is that influence by which every 
iorfy m the universe, whether great or small, tends towards every 
other, with a force which is directly as the quantity of matter, and 
inversely as the square of the distance. 

As this force acts as though bodies were drawn towards each 
other by a mutual attraction, the force is denominated attraction ; 
but it must be borne in mind, that this term is figurative, and 
imi^ies nothing respecting the nature of the force. 

The existence of such a force in nature was distinctly asserted 
by several astronomers previous to the time of Sir Isaac Newton, 
but its laws were first promulgated by this wonderful man in his 
PHncipia, in the year 1687. It is related, that while sitting in a 
girden, and musing on the cause of the falling of. an apple, he 
reasoned thus :* that, since bodies far removed from the earth 
fall towards it, as from the tops of towers, and the highest moun- 
tains, why may not the same influence extend even to the 
moon ; and if so, may not this be the reason why the moon is 
made to revolve around the earth, as would be the case with a 
cannon ball were it |nx)jected horizontally near the earth with a 
certain velocity. According to the first law of motion, the moon, 
if not continually drawn or impelled towards the earth by some 
force, would not revolve around it, but would proceed on in a 
straight line. But going around the earth as she does, in an 
orbit that is nearly circular, she must be urged towards the earth 
by some force, which, in a given time, may be represented by the 
versed sine of the arc described in that time. For let the earth 
(Pig. 34,) be at E, and let the arc described by the moon in one 
second of time be Aft. Were the moon influenced by no extra- 
neous force, to turn her aside, she would have described, not the 
arc Ah, but the straight line AB, and would have been found at 



* Pemberton's View of Newton's Philosophy. 
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tfw eoA oC the giveii time at B imteid at i. She therefore ds- 
pBits from the line in which Ae teoda natnnSy to more, by the 
line BA, which in small angles maj be taken is eqoal to the 
versed sine Aa. This derlatioa from ^v- 3i. 

the tangent moat be owing to same 
extraneoos force. Does this force cof- 
Rspood to what the force of gravity 
exerted by the earth, woold be at the 
distance of the moon ? Now we know 
the distance of the moon from tix 
earth, and of coarse the ciicnmference 
<tf her orbit. We also know the tone 
of her rerotation aroand the earth. 
Hence we may esdmate the kngth of 
the arc AA described ia <Kie second ; and 
knowing the SR we can caknlate its versed sine. For the nxxn be- 
ing 60 times as &r from the center of the earth, as the sur^e of the 
earth is from the center, consequently, since the force of gravity 
decreases as the square of the distance iticteases, the space through 
which the moon would fidl by the force of the earth's attraction 

16 rV 
alone, wonld be ^^^^=.05 inches. On calculalmg the value of 

the versed sine of the arc described in one aecM>d, it pRUves to be 
the same. Hence gravity, and no other force than gravity, cataei 
the mooD to circulate around the son. 
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172. TfabodyrewUiveaabmUaninHnovabkeenteroffarce^and 
ii constantly attracted toit^it will always move in the same plane^ 
and describe areas about the center proportional to the times.* 

Let S (Fig. 36,) be the center of force, and suppose a body to 
be projected at P in the direction PQR, and take PCI=CIR ; 
then by the first law of motion, the body would more uniformly 
in the direction PQR, and describe PQ, QJR, in the same time, 
if no other force acted upon it.* But when the body comes to Q, 

Fi|;.3&. 




let a single impulse act at S, sufScient to draw the body through 
dY, in the time it would have described QR ; and complete the 
parallelogram TQRC, and the body in the same time will de- 
scribe dC ; therefore, Pd, QC, are described in the same time. 
But the triangle SCQ,=SRCl=SPCl ; that is, eqiuil areas are 
described in equal times. For the same reason, if a single im- 
pulse act at C, D, E, &c. at equal intervals of time, the several 
areas SPQ, SdC, SCD, SDE, &c. will all be equal to each other. 
Now this demonstration is independent of any particular dimen- 
sions in the several triangles, and consequently, holds good when 
they are taken indefinitely small, in which case we may consider 
the force as acting, not by separate impulses, but constantly, caus- 
ing the body to describe a curve around S. And as no force acts 

• The learoer will remark that what has been before proved (Art. 168,) respect* 
ing the radius vector of the earth, is here shown to hold good with respect to every 
body which revolves around a center of force ; and the same is true of sevenU 
other propositions demonstrated in this chapter. 
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out of the plane SPQ,, the whole cmre muit lie in that plane ; 
that is, the body movet o/woyi m the teime plane. 

173. I/a body describes a curve around a center toward* toAicA 
it tends by any force, the angular vdoaty of the body around that 
center is reciprocally as the square of the distance from it* 

Let ABE (Fig. 36,) be any ciuve '♦»■ 

described about the center S ; drav SA, 
SB, to any tvo points of the curve A 
and B; and let AD, BE, be descnbed 
in indefinitely small equal times. Join 
SD and SE, and with the center S and 
distance SD, describe a circle meeting 
SA, SB, SE, in F, G, H ; and with 
the center S and disQince SE describe 
a circle meeting SB in K. 

Because AD and BE are described in 
equal times, the triangles ASD, BSE, 
are equal. Hence, (Euc. IS. 6.) 
DP :EK::KS : FS::B&: ASt::BS» 
GH: EE::SH :SE::SF : SE::SA ; SB::8A' ;BSxAS(2) 

Hence, (I) DF : BS*::EE : BSxAS 
(2) GH :AS>::EK:BSxAS 
.-. DP:GH::BS> : AS*. 

But DF and GH measure the respective angular velocities at 
A and B, while AS and BS refvesent the distance at the nme 




3XAS(1) 
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io the curve described from P, with a constant force, ST becomes 
t perpendicular io the tangent to the curve. But by article 
172, the area described in a givejDt time is constant. Therefore 

SPQ. is constant, and V oc gy ! ^^^ ^) ^^^ velocity varies in- 
versely as the perpendicular upon the tangent. . Hence, the velo- 
city of a revolving body increases as it approaches the center of 
fince. 

175. If equal areas be described abotU a center in equal timeSy 
the farce must tend towards that center. 

Let SPQ (Fig. 36,)= SftC ; now SPtt = SOR /. SQC = 
SaR.'.CR is parallel to CIS. CcHnplete the parallelogram dRGY, 
and by the supposition the body describes dC, in consequence of 
the impulse at d, and it would have described CIR if no such 
impulse had acted; therefore ClY must represent that motion 
impressed at CI, which, in conjunction with the motion CIR, can 
make a body describe CIC, and ClY is directed to S. 

176. Now it appears from article 168, that it is a/oc^, derived 
fiom observation, that the earth's radius vector describes equal 
areas in equal times ; and by similar observations, the same is 
found to be true of each of the primary planets about the sun, 
and of each of the satellites about its primary. Hence, it is in- 
ferred, that the primary planets all gravitate towards the sun, and 
that the secondary planets all gravitate towards their respective 
primaries. 

It has farther been established by observation, (Art. 162,) that 
the planetary orbits are ellipses ; and hence the application of the 
principles of gravitation, so far as respects the sun and planets 
may be confined to the consideration of the motion of a body in 
an elliptical orbit. 

177 J The distance of any planet from the sun at any point in 
its orbit, is to its distance from the superior focus, as the square 
of its velocity at its mean distance from the sun, is to the sqtuzre 
of its velocity at the given point 

Let ADBE (Fig. 37,) be the orbit of a planet, S the focus in 
which the sun is placed, AB the transverse and DB the conjugate 



94 nnrutsAL ca^TiTATioit. 

axis, C the center, and F the superior focus. Let the planet be 
any where at P ; and draw a tangent to the orbit at P, oa which 
from the foci let fall the perpendiculars SG, PH. Draw also DK 
touching the orbit in D, and let SK be peipendicular to it. Let 

Fig. 37. 




the velocity of the planet when at the mean dist^ice at D=C, 
and when at P=V. Join SP, PP. Then (Art. 174,) the velo- 
city at D is to the velocity at P, as SG to SK ; that is, 
DC 
C: V::SG:DC,orT=CgQ- 

But because the triangles SGP, PHP, are equiangular, having 
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Let ABC (Pig. 38,) be a curve which a **'«• 38. 

body describes about a center S to whidi it 
gravitates, while another body descends in a 
straight line AS to that center. Let BC be 
any arc of the curve ABC, and let BD, CH, 
be arcs of circles described from the center 
S, intersecting the line AS in D and H. 
From the center S describe the arc bd, in- 
definitely near to BD, and draw E/* perpen- 
dicular to Bb. TheUy because the distances 
8D and SB are equal, the forces of gravity 
at D and B are also equal. Let these forces 
be expressed by the equal lines Dd and BE ; 
and let the force BE be resolved into the 
forces E/" and Bf, The force E/, acting at 
right angles to the path of the body, will not affect its velocity 
in that path, but will only draw it aside from a rectilinear course 
and make it proceed in the curve B6C. But the other force Bf, 
acting in the direction of the course of the body, will be wholly 
employed in accelerating it. And because B and 6 are indefinitely 
near to each other, and likewise D and d, the accelerating force 
from B to 6 and from D to d, may be considered as acting uni- 
formly. Therefore, the accelerations of the bodies in D and B, 
produced in equal times, are as the lines Def, Bf] and hence, put- 
ting d for the velocity at d, and/ for the velocity at/, 
ci:/::DrforBE:B/(l) 

And because the angle at E is a right angle, 

BE«=B6xB/-.BE=v^B6Xv^B/-.BEXv/B/=-v/B6xB/ 

Hence, BE : Bf: : ^/Bb : v'B/.(2) 

And, (1) and (2), d \f:WBb : v^B/.(3) 

But, putting b for the velocity at 6, and observing that, in falling 
bodies, the velocities are as the square roots of the spaces, 
6:/::v/B6: v/B/.(4) 

Therefore, (3)and(4), b \f\\d \f\b^d\ that is, the velocity 
at A equals the velocity at rf. And, since the same reasoning holds 
for successive points that may be taken at equal distances from B 
and D, therefore, if of two bodies, &c.* 



• Principia, Lib. i, Pr. 40. Stewart's Math, and Phys. Essays, Pr. 13. 
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179. ThelawaoeordingtovkiditAeplaiKli gnvUateiMmKk, 
that any bodj/ under the influence of the mmefane, attd f^hng 
direct to the tan, will have its vdodty at anjf pvint eqmal la a 
constant velocity multiplied into Ae aquart root of thedittameeU 
has fallen through, divided by the square rooC of the ^stance be- 
tween the body and the sun's center. 

Su[qM}se a planet to reTolre ia the elliptical orbit APB (Fig. 37) ; 

at A, the higher apsis, the velocity V=C (^8) » (Art. 177); or 

if AN, in the axis px)duced=AF, V=C [J§) • Letabodyat 
A begin to descend towards S with thia velocity, then if SL=SP, 
the velocity of the planet at P will be the same as that of the foil- 
ing body at L, (Art. 178.) But the velocity of the planet at P is G 
/PF\i /NL\4* 
(pg \^=C [qT] • But this velocity is equal to the constant 

velocity expressed by C, multiplied into the square root of NL, 
the distance fallen through,t divided by the square root of LS, 
the distance between the body and the sua's center.} 

180. The force with which any plan^ gravitates to the sun, is 
inversely as the square of Us distance from the sun's center. 

liGt (Fig. 39,) be the center to which ^^ ^'^^ 

the falling body gravitates, A the point from 
which it begins to fall, and let its velocity at 
any |xiint B, be to its velocity in the point 
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has acqaired in B* If therefine the velocity at B be Y, that at 

the middle point G being c, ^=^(135) ^y hypothesis, and 

AB 
therefore 2ABED =r c*. g^ ; and since AB^ AC - BO, 2ABED= 

AC-BC /AC \ 
c*. — OQ — =c* I pjQ — 1 J * For the same reason, if be be drawn 

indefinitely near to BE, 2A6cD=c« (tc'^M' ^^ therefore the 

/AC 
difference of these areas, or 2B6eE, that is, 2EB xB6=c« \^ - 

AC\ AC(BC-60) ACxBft ,^ ^ ^. .^. ^ „^ 
Bc) BCx&C — ^^'' BC't * Wherefore, dividing by Bft, 

2EB=c». g^ ; or EB=:c« g^j ; now c* and AG are constant 

quantities, therefore EB varies inversely as BC'. But EB repre- 
sents the force of gravity at B, and BC the distance from the sun. 
Therefore, the force of gravity of a planet in different parts of its 
orbit, is inversely as the square of its distance from the sun. 

181. The line CG is the same with the mean distance of the 
planet, in an orbit of which AC is the length of the transverse 

axis ; and if the gravitation at that distance =F, and the mean 

AG a c» 

distance itself =11, then since EB=c* fspq^, F=c* x-t=~'j or 

aP=c». 

182. The squares of the times of revolution of any two plavr 
ds, are as the cubes of their mean distances from the sun. 

If a be the mean distance, or the semi-transverse axis, b the 
semi-conjugate, then 7ra&=area of the orbit4 But as c is the ve- 
locity at the mean distance, or the elliptic arch which the planet 
moves over in a second when it is at D, (Fig. 37,) the vertex of the 

* This principle is demonstrated bj the aid of Fluxions as follows : 

By construction, BE is proportional to the force at B=t-, v being the velocity 

which the moving body has acquired at B, and t the time of the descent from A 
to B. Now Bh is the momentary increment of BA the space, and therefore 
s=9dt; therefore BExBfr=:P<;v. And 2BEX B^==2r<fv. But BEXB6 is the mo- 
mentary increment of the area ABED, and 2vdv is the momentary increment of 
rs ; therefore the square of the velocity of the moving body, and twice the area 
of ABED, increase at the same rate, and begin to exist at the same time ; thcro- 
ioTt they are equal. (See Play fair's Outlines, Mecluinics, Art. OG.) 
t bC being ultimately equal to BC. t Day's Mensuration. 

13 
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conjugate axis, therefwe ibc is the area described in that secoiKl 
by the ladius vector ; and since the area is the lame for every 
second of the planet's revolution (Ait 1T2), therefore the area of 
the orbit divided by ibe vill give the number of aecoods in 
which the revolution is comi^eted, v^ch=:TT-=~' ; or, since 

2na /a 

c' =aF, (Art. 181,) the time of a revolution =-7= = 2« ^ a- 

Hence, let t, f , be the times of revolutions for two different plan- 
ets, of which the mean distances are a, of, and the force of gravity 

at those distances P, P'. Thwi / : I*: :a«V jr : 2« V pjX 

\/i J s/^r'f '• e*::^ : p;- Bat(Art.l80,)P : P*:-:.!" : 

a a' 
a'.'.f : f*''.^ '• — , or(* : e*::a* : a'*. That is, thesqaores 

of the times are as the cubes of the mean distances ; or, since 

the major axes of the orbits are double the mean distances, the 

squares of the times are as the cubes of the major axes. 

183. This is one of Kepler'a three great Laws, which, taken 
in connexion, are as follows: 

1. The orbits of ail the planeta are ^gtses, the sun oceupyh^ 
the common focus. (Art. 176.) 

2. The radiva vector of any platui desaribea areas proper- 
tiortal to the times. (Art. 172.) 

3. The sifiuzres of the periodical iJr/ics arc as Che cubes of the 
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of the forces by which the planets are made to revolve iu their 
Ofbits about the sim. In obedience to the first law of motion, 
every moving body tends to move in a straight line ; and were not 
the planets deflected continually towards the sun by the force of 
attraction, these bodies as well as others' would move forward in 
a rectilineal direction. We call the force by which they tend to 
sQch a direction the projectile farccj because its effects are the ' 
sune as though the body were originally projected from a certain 
joint in a certain direction. It is an interesting problem for me- 
chanics to solve, what was the nature of the impulse originally 
given to the earth, in order to impress upon it its two motions, the 
one around its own axis, the other around the sun ? If struck in 
the direction of its center of gravity it might receive a forward 
motioni but no rotaticm on its axis. It must, therefore, have been 
impelled by a force, whose direction did not pass through its 
center of gravity. Bemouilli, a celebrated mathematician, has 
calculated that the impulse must have been given very nearly 
in the direction of the center, the point of projection being only 
the 165th part of the earth's radius from the center.* This 
impulse alone would cause - the earth to move in a right line : 
gravitation towards the sun causes it to describe an orbit. Thus 
a top spinning on a smooth plane, as that of glass or ico, if im- 
pelled in a direction not coinciding with that of the center of 
gravity, may be made to imitate the two motions of the earth, 
especially if the experiment is tried in a concave surface like that 
of a large bowl. The resistance occasioned by the surface on 
which the top moves, and that of the air, will generally destroy 
the force of projection and cause ihe top to revolve in a smaller 
and smaller orbit ; but the earth meets with no such resistance, 
and therefore makes both her days and years of the same length 
from age to age. A body, therefore, revolving in an orbit about 
a center of attraction, is constantly under the influence of two 
forces, — ^the projectile force, which tends to carry it forward in a 
straight line which is a tangent to its orbit, and the centripetal 
force, by which it tends towards the center. 

• FranccDur, Uran. p. 49. 
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18S. Theposi aimpte anpiile we hw6 of the condriiiel ao* 
turn of tb0B» t«ro iMoes is theiytioii of a mMBile d mum tu rn 
the handy orpf abidl fired iroinaonooiL It is weO knovd 
that the particcdar fixa^ of the eoiye described bj the pngaetii^ 
in either case, win dqpsn4^!||iQtt Ibe Tdodly with which it« 
lliiown. In each oass the body will iMgfai to itefe in the line ^^ 
diiectJon in which it is projeetedy^ Imtat will soon be d olioei sd 
fiom that line towards the earth. It will however coatinan 
nearer to the line of frojectipn ai the veloeity of pojectidB is 
greater. Thus let AB (Fig. 40,) perpendicidar to AG lepnssdt 
the line jrf prqjectioo.' '*1|k body will, in everjr ease, ei a i H i Ma ie s 

Fis.40. 
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its motion in the line AB, which will therefore be the taiigeHC 
to the ciuve it describte; bnt if it be thrown with a small Veb' 
city, it will soon depart from the tangent, describing the line 
AD ; with a greater velocity it will describe a curve nearer to 
the tangent, as AE ,• and with a still greater velocity it will de- 
scribe the curve AP. 

186. In figure 41, suppose the planet to have passed the point 
C with so small a velocity, that the attraction of the sun bends 
its path very much, and causes it immediately to begin to ap- 
proach towards the sun ; the sun's attraction will increase its ve- 
locity as it moves through D, E, and F. For the sun's attractive 
force on the planet, when at D, is acting in the direction DS, 
and, on account of the small inclination of DE to DS, the force 
acting in the line DS helps the planet forward in the path DE, 
and thus increases its velocity. In like manner the velocity of 
the planet will be continually increasing as it passes through D, 
E, and F ; and though the attractive force, on account of the 
planet's nearness, is so much increased, and tends, therefore, to 
make the orbit more curved, yet the velocity is also so much in- 
creased that the orbit is not more ciured than before. The same 
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increase of velocity occasioned by the.-|jianet's approach to the 
snn, produces a greater increase of centrifisgal force which carries 
it off again. We may see also why, 
when the planet has reached the 
most distant parts of its orbit, it does 
not entirely fly off, and never re- 
turns to the sun. For when the 
planet passes along H, E, A, the 
sun's attraction retards the planet, 
just as gravity retards a ball rolled 
np hill ; and when it has reached 
G| its velocity is very small, and the 
attraction at the center of force 
causes a great deflection from the 
tangent, sufficient to give its orbit a great curvature, and the 
planet turns about, returns to the sun, and goes over the same 
orbit again.* As the planet recedes from the sun, its centrifugal 
force diminishes faster than the force of gravity, so that the latter 
finally prepondcratcs.f 

187. We may imitate the motion of a body in its orbit by sus- 
pending a small ball from the ceiling by a long stnng. The ball 
being drawn out of its place of rest, (which is directly under the 
point of suspension,) it will tend constantly towards the same 
place by a force which corresponds to the force of attraction of a 
central body. If an assistant stands under the point of suspen- 
sion, his head occupying the place of the ball when at rest, the 
ball may be made to revolve about his head as the earth or any 
planet revolves about the sun. By projecting the ball in different 
directions, and with different degrees of velocity, we may make 
it describe different orbits, exemplifying principles which have 
been explained in the foregoing propositions. 



• Airy. 

t The centrifugal force varies invcrself as llio cube of the disunrr, while the 
fiwre of gravity is inversoly as the square. The centrifugal forro, therefore, 
increases faster than the force of gravity as a body is approaching the sun, and 
derreaees faster as the body recedes from the sun. (Sec M. Stewart's rh}'^. and 
Math. Tracts, Prop. 8.) 
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PRECESSION b» THE KQUINOXES KDTimON — IBBBAATIOH UOTIOir 

OP TBk. i^SIDES MCUI AMD TIWX PLACES OF THE BtlH. 



18^;'The Fuecession or the Equikoxbs, is a alow but con- 
limfW_skiJiing of the equinoctial points from east to tuesti 
. *'.S:i^pose that we mark the exact place in the heaveDs vheie, 
intiag the jveeent year, the sun crosses the equator, and that this 
point isclose toacertuQ star; next year the son will croas the 
equator a little way westward of that star, and so every year a 
little farther westward, nntil, in a long course of ^es, the place 
of the equinox will occupy successively every pert of the ecliptic, 
until we come round to the same star again. As, therefore, the 
sun, revolving from west to east in his apparent orbit, comes 
round towuds the point where it led the equinox, it meets the 
equinox before it reaches that point. The appearance is as though 
the equinox s'oes/oruianJ to meet the sun, and hence the phenom- 
enon is called the Precession of the Eqtanoxes, and the fact is 
expressed by saying that the equinoxes retrograde on the ecliptic, 
until the line of the equinoxes makes a compete revcdution from 
east to west. The equator is conceived as sliding westward cm 
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190. Suppose now we fix to the center of each of the two 
rings (Art 188,) a wire representing its axis, one corresponding to 
the axis of the ecliptic, the other to that of the equator, the ex- 
tremity of each being the pole of its circle. As the ring denot- 
ing the equator turns round on the ecliptic, which with its axis 
mnains fixed, it is easy to conceive that the axis of the equator 
revolves around that of the ecliptic, and the pole of the equator 
around the pole of the ecliptic, and constantly at a distance equal 
to the inclination of the two circles. To transfer our concep- 
tions to the celestial sf^ere, we may easily see that the axis of 
the diurnal sjdiere, (that of the earth produced. Art. 28,) would 
not have its pole constantly in the same place among the stars, 
but that this pole would perform a slow revolution around the 
pole of the ecliptic from east to west, completing the circuit in 
about 26,000 years. Hence the star which we now call the pole 
star, has not always enjoyed that distinction, nor will it always 
enjoy it hereafter. When the earliest catalogues of the stars 
were made, this star was 12^ from the pole. It is now 1^ 24^, 
and will approach still nearer ; or, to speak more accurately, the 
pole will come still nearer to this star, after which it will leave 
it, and successively pass by others. In about 13,000 years, the 
bright star Ljrra, which lies on the circle of revolution opposite 
to the present pole star, will be within 6^ of the pole, and will 
constitute the Pole Star. As Ljnra now passes near our zenith, 
the learner might suppose that the change of position of the pole 
among the stars, would be attended with a change of altitude of 
the north pole above the horizon. This mistaken idea is one of 
the many misapprehensions which result from the habit of con- 
sidering the horizon as a fixed circle in space. However the 
pole might shift its position in space, we should still be at the 
same distance from it, and our horizon would always reach the 
same distance beyond it. 

191. The precession of the equinoxes is an effect of the sphc- 
rmdal figure of the earthy and arises from the attraction of the 
sun and moon upon the excess of matter about the earth's equator. 

Were the earth a perfect sphere the attractions of the sun and 
moon upon the earth would be in equilibriiun among themselves. 
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But if a globe were cut out of the earth, (taking half the polar 
diameter for mdius,) it would leave a protubeiaiit mass of matter 
in the equatorial regions, which may be considered as all collected 
into a ring resting on the earth. The sua being in the ediptic, 
while the jdane of this ring is inclined to the ecUptic 23° 28', of 
course the action of the snn is oblique to the ring, and may be 
resolved into two forces, one in the plane of the equator, and the 
other perpendicular to it. The latter only can act as a disturbing 
force, and tending as it does to draw down the ring to the ecUptic, 
the ring would turn upon the Line of the equinoxes as apon a 
hinge, and, dr^ging the earth along with it, the equator would 
ultimately coincide with the ecUptic were it not for the revdution 
of Uie earth upon its axis. This may be better understood by 
the aid of adiagram. Let TAB (P^. 42,) represent the equator, 
FiB.«. 




T ED the ecliptic, and AD the solstitial colure. Let AB be the 
movement of rotation for a very short time, being of course in Um 
order of the signs and in the direction of the equator. Let BC be 
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amonnl of precession. The whole effect of the sun and moon 
being 60/^41, that of the planets is 0.31, leaving the actual amount 
of precession 60/^1.* 

193. The time occupied by the sun in passing from the equir 
noeiial point round to the same point again^ is called the tropical 
TEAB. As the sun does not perform a complete revolution in this 
interval but falls short of it 50/^1, the tropical year is shorter than 
the sidereal by 20m. 20s. in mean solar time^ this being time of 
describing an arc of 50.^^1 in the annual revolution.! The 
changes produced by the precession of the equinoxes in the ap- 
parent (daces of the circumpolar stars, have led to some interest- 
ing results in chronology. In consequence of the retrograde mo- 
tion of the equinoctial points, the s^ns of the ecliptic (Art 36,} 
do not correspond at present to the constellations which bear the 
nme names, but Ue about one whole sign or 30^ westward of 
them. Thus, that division of the ecliptic which is called the 
agn Taurus, lies in the constellation Aries, and the sign Gemini 
in the constellation Taurus. Undoubtedly however when the 
ecliptic was thus first divided, and the divisions named, the seve- 
ral constellations lay in the respective divisions which bear their 
Dames. How long is it, then, since our zodiac was formed ? 
60.n : 1 year: :30^( = 108000^0 : 2156.6 years. 

The result indicates that the present divisions of the zodiac, 
vere made soon aAer the establishment of the Alexandrian school 
of astronomy. (Art 2.) 

NUTATION. 

194 Nutation is a vibratory motion of the earth's axis, arising 
frxmi periodical fluctuations in the obliquity of the ecliptic. 

If the sun and moor^moved in the plane of the equator, there 
would be no predteion, ondjt^ effect of their action in producing 
it varies with their distance from that plane. Twice a year, 
therefore, namely, at the equinoxes the effect of the sun is noth- 
ing ; while at the solstices the effect of the sun is a maximiun. 
On this account, the obliquity of the ecliptic is subject to a semi- 
annual variation, since the sun's force which tends to produce a 

* Fraacooar, Uraa. 162. t SO' 8/'3 : 24h. : : 50."1 : Ma. 9te. 
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change in the obliquity is variable, while the diunial motion of 
the earth which prevents the change from taking place, is eon- 
Btant. Hence the plane of the equator is subject to an ine^lar 
motion which is called the Solar Nutation. The name is deri- 
red from the oscillatory motion communicated by it to the earth's 
axis, while the pole of the equator is performing its rerolution 
around the pole of the ecliptic (Art. 190.) The effect of the sun 
however is far less than that of the moon. By the nutation alone 
the pole of the earth would perform a revolution in a very small 
ellipse, only 18" in diameter, the center being in the circle which 
the pole describes around the pole of the ecliptic ; but the com- 
bined effects of precession and nutation convert the circumference 
of this circle into a wavy line. The motion of the equator oecft- 
sioned by nutation, causes it alternately to approach to and recede 
from the stars, and thus to change their declinations. The solar 
nutation, depending on the position of the sun with respect to 
the equinoxes, passes through all its variations annually; but the 
lunar uutation depending on the position of the moon with r 
to her nodes, varies through a period of about 18} years. 



195. Abehbatton is an apparent change of place in the stars, 
cccasumed by the joint effects of the motion of the earth m its 
orbit, and the progressive mation of light. 
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to be sitnated at S^ The difference between its true and its appe- 
not i^acei that is^ the angle SES^ is the'aberration, the magnitude 
of which is obtained firom the known ratio of EA to EC, or the 
fdocity of light to that of the earth in its orbit. 

The velocity of light is 192,000 miles per second, while that 
of the earth in its orbit is about 19 miles per second. RejHresent- 
mg the velocity of light by the line EA, and that of the earth 
by AB, then, 

192,000 : 19: :Rad. : tan. 20/'6=:the angle at E, which is the 
amomit of aberration when the direction of the ray of light is 
perpendicular to the earth's motion. 

The effect of aberration upon the places of the fixed stars is to 
eairy their apparent places a little forward of their real places in 
the direction of the earth's motion. The effect upon each par- 
ticalar star will be to make it describe a small ellipse in the heav- 
ens, having for its center the point in which the star would be 
nen if the earth were at rest. 

MOTION OF THE ▲P8IDES. 

196. The two points of the ecliptic where the earth is at the 
greatest and least distances from the sun respectively, do not 
always maintain the same places among the signs, but gradually 
shift their positions from west to east. If we accurately observe 
the place among the stars, where the earth is at the time of its 
perihelion the present year, we shall find that it will not be pre- 
cisely at that point the next year when it arrives at its perihelion, 
but about 12^' (11/^66) to the east of it. And since the equinox 
itself, from which longitude is reckoned, moves in the opposite 
direction 50.^^1 annually, the longitude of the perihelion increases 
every year 61.''76, or a little more than one minute. This fact 
is expressed by saying that the line of the apsides of the earth's 
orbit has a slow motion from west to east, and completes one en- 
tire revolution in its own plane in about 100,000 years (111,149.) 

The mean longitude of the perihelion at the commencement 
of the present century was 99^ SO' 6^', and of course in the ninth 
degree of Cancer, a little past the winter solstice. In the year 
1248, the perihelion was at the place of this solstice ; and since 
the increase of longitude is 61.''76 a year, hence. 



108 THE' turn. 

61/76 : 1::90° : 6246=the time occu|n«d in passing from tbe 
first of Aiies to the aolstice. Hence, 6246 - 1248^3998, which 
is. the time before the Christian era, when the perigee was at the 
first of Aries. But this differs onljr 6 years from the time of the 
creation of the world, which is fixed by chronologists at 4004 
years A. C. At the period of the creation, therefore, the line of 
the apsides of the earth's orbit, cnocided with the line of the 
equinoxes. 

197. The angular distance of a body from its afAielion is called 
its Anomaly ; and the inlenral between the sun's passing the point 
of the ecliptic corresponding to the earth's aphelion, and return- 
ing to the same point again, is called the anomaUatic year. This 
period must be alittle longer than the sidereal year, since, ia order 
to complete the anomalistic revolution, the sun must traverse an 
arc of ll."66 in addition to 360°. 

Now 360° : 366.256: :11."66 ; 4m. 448. 

198. Since the points of the annual orbit, where the sun is at 
the greatest and least distances from the earth, change their posi- 
tion with respect to the solstices, a slow change is occasioned is 
the duration of the respective seasons. For, let the peribelim 
correspond to the place of the winter solstice, as was the case in 
the year 1248 ; then as the sun moves more raiudly in that put 
of his orbit, the winter months will be shorter than the summer. 
But, again, let the perihelion be at the summer solstice, as it will 
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In sonreying an irregular field, it is common first to strike out 
some regular figure, as a square or a parallelogram, by running 
long lines, and disregarding many small irregularities in the boun- 
daries of the field. By this process, we obtain an approximation 
to the contents of the field, although we have perhaps thrown out 
several small portions which belong to it, and included a num- 
ber of others which do not belong to it. These being separately 
estimated and added to or subtracted from our first computation, 
we obtain the true area of the field. In a similar manner, we 
proceed in finding the place of a heavenly body, which moves in 
an orbit more or less irregular. Thus we estimate the sun's dis- 
tance from the vernal equinox for every day of the year at noon, 
on the supposition that he moves uniformly in a circular orbit : 
this is the sun's mean longitude. We then apply to this result 
various corrections for the irregularity of the sun's motions, and 
thus obtain the true longitude. 

200. The corrections api^ed to the mean motions of a heav- 
enly body, in order to obtain its true place, are called Equations. 
Thus the elliptical form of the earth's orbit, the precession of the 
equinoxes, and the 'nutation of the earth's axis, severally affect 
the place of the sun in his apparent orbit, for which equations are 
iqpplied. In a collection of Astronomical Tables, a large part of 
the whole are devoted to this object. They give us the amount 
of the corrections to be applied under all the circumstances and 
constantly varying relations in which the sun, moon, and earth 
are situated with respect to each other. The angular distance of 
the earth or any planet from its aphelion, on the supposition that 
it moves uniformly in a circle, is called its Mean Anomaly : its 
actual distance at the same moment in its orbit is called its True 
Anomaly.* 

Thus in figure 44, let AEB represent the orbit of the earth 
having the sun in one of the foci at S. Upon AB describe the 
circle AMB. Let E be the place of the earth in its orbit, and M 
the corresponding place in the circle ; then the angle MCA is the 
mean, and ESA the true anomaly. The difference between the 

* In some astronomica] treatiaos, the anomaly ia reckoned from the perihelion. 




mean and true anomaly, MCA— ESA, is called the Equation of 
the Center, being that correction which depends on the elliptical 
form of the orbit, or on the distance of the center of attraction 
from the cent» of the figure, that is, on the eccentricity of the 
orbit. It is much the greatest of all the corrections used in find- 
ing the sun's true longitude, amounting, at its n"'"""'"'i to nearly 
two degrees ( 1° 66* 26."8.) 
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And, sinoe sf^eies are as the cubes of the diameters, their vol" 
ume of the moon is j\ that of the earth. Her density is nearly 
I (.615) the density of the earth, and her mass {^j^^X.615) is 
aboat j^Y- 

202. The moon shines by reflected tight borrowed from the 
sun, and when full, exhibits a disk of silvery brightness, diversi- 
fied by extensive portions partially shaded. By the aid of the tele- 
scope, we see imdoubted signs af a varied surface, composed of 
extensive tracts of level country, and numerous mountains and 
valleys. 

203. The line which separates the enlightened from the dark 
portions of the moon's disk, is called the Terminator. (See Fig. 
8. Frontispiece,) As the terminator traverses the disk from new 
to full moon, it appears through the telescope exceedingly broken 
in some parts, but smooth in others, indicating that portions of 
the lunar surface are uneven while others are level. The broken 
legions appear brighter than the smooth tracts. The latter have 
been taken for seas, but it is supposed with more probability that 
they are extensive plains, since they are still too imeven for the 
perfect level assumed by bodies of water. That there are moun' 
tains in the moon, is known by several distinct indications. First, 
when the moon is increasing, certain spots are illuminated sooner 
than the neighboring places, appearing like bright points beyond 
the terminator, within the dark path of the disk. (See Fig. 2. 
Frontispiece.) Secondly, after the terminator has passed over 
them, they project shadows upon the illuminated part of the disk, 
always opposite to the sun, corresponding in shape to the form of 
the mountain, and undergoing changes in length from night to 
night, according as the sun shines upon that part of the moon 
more or less obliquely. Many individual mountains rise to a great 
height in the midst of plains, and there are several very remarka- 
ble mountainous groups, extending from a common center in long 
chains. 

204 That there are also valleys in the moon, is equally evident. 
The valleys are known to be truly such, particularly by the man- 
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ner in whidi the %bt of the nm falls upon them, illumiaating the 
part opposite to the sun while the part adjacent is dark, as is the 
case when the light of a lamp ehioes obliquely into a china cop. 
These ralleys are often remarkably regular, and some of them 
almost perfect circles. In several instances, a circular chain o£ 
mountains surrounds an extensive valley, which appears neariy 
lerel, except that a sharp mountain sometimes rises from the cenr 
ter. The best time for observing these appearances is near the 
first quarter of the moon, when half the disk is enUghteued ;* 
but in studying the lunar geography, it is expedient to observe 
the moon every evening &om new to full, or rather through her 
entire series of changes. 

205. The various jdacea on the moon's disk have received ap- 
propriate namei. The dusky regions, being formerly supposed 
to be seas, were named accordingly ; and other remarkable places 
have each two names, one derived from some well known spot 
on the earth, and the other irom some distinguiriied personage. 
Thus the same bright spot on the surface of the moon is called 
Mount StTiai or Tye/to, and another. Mount Etna or Copemiau. 
The names of individuals, however, are more used than the otbera. 
The frontispiece exhibits the telescopic appeanmce of the full 
moon. A few of the most remarkable points have the following 
names, corresponding to the numbera and letters on the map. (See 
Froniiapieeg.) 




LUNA& GEOGRAPHT. 



113 



20& 7^ methed of eatimaiing the height of lunar maun' 
tains is as follows. 

Let ABO (Fig. 45,) be the illuminated hemisphere of the moon, 
SO a solar ray touching the moon in O, a point in the circle which 
nparates the enlightened from the dark part of the moon. All the 
part ODA will be in darkness ; but if this part contains a moun- 
tsdn MF, so elevated that its sununit M reaches to the solar ray 
SOM, the point M will be enlightened. Let E be the place of 
the obsenrer on the earth, the moon being at any elongation from 




the sun, as measured by the angle EOS. Draw the lines EM, 
EO, and CM, C being the center of the moon j and let FM be 
the height of the mountain. Draw ON perpendicular to EM* 
The line EO being known, and the angle OEM being measured 
with a micrometer, the value of ON, the projection of the line 

ON 



DM, becomes known. Now OM= 



and since OEN 



cos. MON ' 

is a very small angle, EON may be considered as a right angle ; 

ON 

consequently, MON=MOE - 90. Therefore OM =^^^7jj^g--g^. 

ON ON rr.t. . t. J. . 1_ 

= - — ikM-Fin = - — T^r^o' That IS, the distance between the sum* 
sm. MOE sin. P.OS ' 

mit of the mountain and the illuminated part of the moon's disk, 

is equal to the projected distance as measured by the micrometeri 

divided by the sine of the moon's elongation from the sim. 

15 



Sappow the distance OH=nCO, where n represents the fac- 
tion the part OM is of CO. Then, CM»=CO*+OM»=CO» 
+ «'C0' =CO'(l+n»).-.CM = CO(l+n»)J.-. CM-CO or 
FM=C0(\/l+n*-t)=-2 CO, neglecting the higher powers 
of n, which would be of too little value to be worth taking into 
the account The value of n has been found in one case equal 
to j\ which gives the height of the mountain equal to ,^j the 
Bemi-diameter of the moon, that is, 3j miles. 

When the moon is exactly at quadrature, then EOM becomes a 
right angle, and the value of OM is obtained directly from actual 
measurement ; and having CO and OM, we easily obtain CM 
and of course FM. 

207. Schroeter, a German astronomer, estimated the heights 
of the lunar mountains by observations oa their shadows. He 
made them in some cases as high as j\j of the semi-diameter of 
the moon, that is, about 5 miles. The same astronomer also esti- 
mates the depths of some of the lunar valleys at more than four 
miles. Hence it is inferred that the moon's surface is more bro- 
keu and irregular than that of the earth, its mountains being 
higher and its valleys deeper in proportion to the size of the moon 
than those of the earth. 

208. Dr. Herschel is supposed also to have obtained decieare 
evidence of the existence of volcanoes in the moon, not only 
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mOe in length in the moon subtends an angle at the eye of only 
aboat one second. If, therefore, works of art were to have a suffi- 
cient horizontal extent to become visible, they can hardly be sup- 
posed to attain the necessary elevation, when we reflect that the 
height of the great pyramid of Egypt is less than the sixth part 
of a mile. 

PHASES or THE MOON. 

211. The changes of the moon, commonly called her Phases, 
arise from different portions of her illuminated side being turned 
towards the earth at different times. When the moon is first 
seen after the setting sun, her form is that of a bright crescent, 
CD the side of the disk next to the sun, while the other portions 
of the disk shine with a feeble light, reflected to the moon from 
the earth. Every night we observe the moon to be farther and 
farther eastward of the sun, and at the same time the crescent 
enlarges, until, when the moon has reached an elongation from 
the sun of 90^, half her visible disk is enlightened, and she is 
nid to be in her first qucarter. The terminator, or line which 
separates the illuminated from the dark part of the moon, is con- 
vex towards the sun from the new moon to the first quarter, and 
the moon is said to be homed. The extremities of the crescent 
are called cusps. At the fiirst quarter, the terminator becomes a 
straight line, coinciding with a diameter of the disk ; but after 
passing this point, the terminator becomes concave towards the 
sun, bounding that side of the moon by an elliptical curve, when 
the moon is said to be gibbous. When the moon arrives at the 
distance of 180^ from the sun, the entire circle is illuminated, 
and the moon is full. She is then in opposition to the sun, rising 
about the time the sun sets. For a week after the full, the 
moon appears gibbous again, until, having arrived within 90^ 
of the sun, she resumes the same form as at the first quarter, 
being then at her third quarter. From this time until new moon, 
she exhibits again the form of a crescent before the rising sun, 
until, approachmg her conjunction with the sun, her narrow 
thread of light is lost in the solar blaze ; and finally, at the mo- 
ment of passing the sun, the dark side is wholly turned towards 
us and for some time we lose sight of the moon. 
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The tvo points in the orbtt coiresponding tp new and full moon 
respectively, are called by (he commoa name o( syzigiea ; those 
which are 90° from the suq are called quadratures; and the 
points half way between the syzigies and quadratures are called 
octants. The circle which divides the enlightened from the 
nnenlightened hemisphere of the moon, is callRd the circle vf 
iUuTtiination : that which divides the hemisphere that is turned 
towards us from the hemisphere that is turned from us, is called 
the circle of the disk. 

212. As the moon is an opake body of a q>herical figtiie, and 
borrows her light from the sun, it is obvious that that half only 
which is towards the sun caa be illuminated. More or less of 
this side is turned towards the earth, according as the moon is at 
a greater or less elongation from the sun. The reason of the dif- 
ferent phases will be best understood from a diagram. There- 
fore let T (Pig. 46,) represent the earth, and S the sun. Let A, 
B, C, dec. be successive positions of the moon. At A the enttrs 
Fig. 46. 
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REVOLDTION8 OV THE MOON. 

213. T7l6 moan revolves around the earth from west to east, 
making the entire circuit of the heavens in about 27^ days* 

The precise law of the moon's motions in her revolution around 
the earth, is ascertained, as in the case of the sun, (Art. 165,) by 
dedly observations on her meridian altitude and right ascension. 
Thence are deduced by calculation her latitude and longitude, 
from which we find, that the moon describes on the celestial 
q)heTe a great circle of which the earth is the center. 

The period of the moon's revolution from any point in the 
heavens round to the same point again, is called a fnonth. A 
sidereal month is the time of the moon's passing from any star, 
until it returns to the same star again. A synodical month* is 
die time from one conjunction or new moon to another. The 
eynodical month is about 29} days, or more exactly, 29d. 12h. 
i4m. 2».8 =29.53 days. The sidereal month is about two days 
ihorter, being 27d. 7h. 43m. 11".5 =27.32 days. As the sun and 
moon are both revolving in the same direction, and the sun is 
moving nearly a degree a day, during the 27 days of the moon's 
revolution, the sun must have moved 27^. Now since the moon 
passes over 360^ in 27.32 days, her daily motion must be 13^ 17'. 
It must therefore evidently take about two days for the moon to 
overtake the sun. The difference between these two periods 
may, however, be determined with great exactness. The mid- 
dle of an eclipse of the sun marks the exact moment of conjunc- 
tion or new moon ; and by dividing the interval between any 
two solar eclipses by the number of revolutions of the ihoon, or 
lunations, we obtain the precise period of the synodical month. 
Supjwse, for example, two eclipses occur at an interval of 
-1,000 lunations ; then the whole number of days and parts of a 
day that compose the interval divided by 1,000 will give the 
exact time of one lunation.f The tmie of the synodical month 
being ascertained, the exact period of the sidereal month may be 

* gvv and odog^ implying that the two bodies come together. 

\ It might at first view seem necessary to know the period of one lunation before 
we could know the number of lunations in any given interval. This period is 
known very nearly from the interval between one new moon and another. 
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derired from it. For the arc which the moon describes in (nder 
to come into conjunction with the sun, exceeds 360'^ by the space 
which the smi has passed over since the preceding conjunction, 
that is, 29.63 days. Therefore, 

365.24 : 360°::29.53 :29°.l=aic which the moon must de- 
scribe more than 360° in order to overtake the sun. Hence, 

13° 17' : Id. : :29o.l : 2.21d.=difference between the sidereal 
and synodical months; and 29.53-2.21=27.32, the time of the 
sidereal revolution. 

214. The moon's orbit is inclined to the ecHptit in an angle 
of about 5° (5° S' 48"). It crosses the ecliptic in two opposite 
points called her nodes. The amount of inclination is ascet^ 
tained by observations on the moon's latitude when at a maxi- 
mum, that being of course the greatest distance from the ecliptic, 
and therefore equal to the inclination of the two circles. 

215. The moon, at the same age, crosses the meridian at dif- 
ferent altitudes at different seasons of the year. The full moon, 
for example, will appear much farther in the south when on the 
meridian at one period of the year than at another. The reason 
of this may be explained as follows. When the sun is in the 
part of the ecliptic south of the equator, the earth and of course 
the moon, which always keeps near to the earth, is in the part 
north of the equator. At such times, therefore, the new moom 




BXVOLUTIOKB. 119 

to the last quarter, is commonly above the horizon, while the son 
is absent ; whereas, daring summer, while the sun is present, the 
niocm is above the horizon while describing her first and last 
quadrants. 

216. About the time of the autumnal equinox, the moon when 
near the full, rises about sunset fof a number of nights in succes- 
sion ; and as this is, in Elngland, the period of harvest,- the phe- 
nomenon is called the Harvest Moon. To understand the reason 
of this, since the moon is never far from the ^Uptic, we will 
suppose her progress to be in the ecliptic. If the moon moved 
in the equator, then, since this great circle is at right angles to 
the axis of the earth, all parts of it, as the earth revolves, cut 
the horizon at the same constant angle. But the moon's orbit, 
or the ecliptic, which is here taken to represent it, being oblique 
to the equator, cuts the horizon at different angles in different 
parts, as will easily be seen by reference to an artificial globe. 
When the first of Aries, or vernal equinox, is in the eastern hori- 
zon, it will be seen that the ecliptic, (and consequently the moon's 
orbit,) makes its least angle with the horizon. Now, at the au- 
tumnal equinox, the sun being in Libra, the moon at the full is 
in Aries, and rises when the sun sets. On the following evening, 
although she has advanced in her orbit about 13^, (Art. 213,) 
yet her progress being oblique to the horizon, and at a small 
angle with it, she will be found at this time but a little way be- 
low the horizon, compared with the point where she was at sun- 
set the preceding evening. She therefore rises but little later, 
and so for a week only a little later each evening than she did 
the preceding night. 

217. The moon is about ^\ nearer to us when near the zenith 
than when in the horizon. 

The horizontal distance CD (Fig. 47,) is nearly equal to AD = 
AD', which is greater than CD' by AC, the semi-diameter of the 
earth =s 7% the distance of the moon. Accordingly, the apparent 
diameter of the moon, when actually measured, is about 3(y' 
(which equals about •f\ of the whole) greater when in the ze- 
nith than in the horizon. The apparent enlargement of the full 



moon when riang, is oving to the t 
sun, as explained in article 96. 

Fig. 47. 



I causes as that of tbe 




218. The moon tuTTis on its axis in the same Hme in wAuA it 
revolves aroutid the earth. 

This is known by the moon's always keeping neariy the same 
face towards us, as is indicated by the telescope, which could not 
happen unless her revolution on her axis kept pace with her mo- 
tion in her orbit. Thus, it will be seen by inspecting figure 31, 
that the earth turns different faces towards the sun at different 
times ; and if a ball having one hemisphere white and the other 
black be canied around a lamp, it will easily be seen that it can- 
not present the same face constantly towards the lamp unless it 
turns once on its axis while performing its revolutioti. The same 
thing will be observed when a man walks around a tree, keeping 
his face constantly towards it. Since however the motion of the 
1 on its axis is uniform, while the motion in its orbit is mm- 




BXToumoifs. 121 

« 

oinfion, more of ihe regiiHi around the other pole ; which gives 
the appearance of a tilting motion to' the moon's axis. This has 
nearly the same cause with that which occasions our change of 
seasons. The moon's axis being inclined to the plane of her 
<^it, and always remaining parallel to itself, the circle which 
divides the risible from the invisible part of the moon, will pass 
in such a way as to throw sometimes more of one pole into vieW| 
and sometimes more of the other, as would be the case with the 
earth if seen from the sun. (See Fig. 31.) 

The moon exhibits lihother i^encnnenon of this kind called 
her diurnal KbraHon^ depending on the daily rotation of the 
qiectator. She turns the same fisu^e towards the center of the 
earth only, whereas we view her from the surface. When she is 
on the meridian, we see her disk nearly as though we viewed it 
fiom the center of the earth, and hence in this situation it is sub- 
ject to little change ; but when near the horizon, our circle of 
vision takes in more of the upper limb than would be presented 
to a spectator at the center of the earth. Hence, from this cause, 
we see a portion of one limb while the moon is rising, which is 
gradually lost sight of, and we see a portion of the opposite limb 
as the moon declines towards the west. It will be remarked that 
neither of the foregoing changes implies any actual motion in the 
moon, but that each arises from a change of position in the spec* 
tator. 

220. An inhabitant of the moon would have but one day and 
one night during the whole lunar month of 29)^ days. One of 
its days, therefore, is equal to nearly 15 of ours, n So protracted 
an exposure to the sun's rays, especially in the equatorial regions 
of the moon, must occasion an excessive accumulation of heat ; 
and so long an absence of the sun must occasion a corresponding 
degree of cold. Each day would be a wearisome summer ; each 
night a severe winter.* A spectator on the side of the moon 
which is opposite to us would never see the earth ; but one on the 
side next to us would see the earth presenting a gradual succes- 
sion of changes during his long night of 360 hours. Soon after the 
earth's conjunction with the sun, he would have the light of the 

* Francasur, Uranog. p. 91. 

16 
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earth reflected to him, {nesenting at first a cretcent, bnt enlai^g, 
as the earth approaches its oppoeitioo, to a great orb, 13 times aa 
lai^ as the full moon Eq)pears to us, and affiirding aearly 13 times 
as much light Our seas, our plains, our mountains, our rolcanoea, 
and out clouds, would produce very diversified appearances, as 
would the various parts of the earth brought successively into 
view by its diurnal rotatioa. The earth while in view to an in- 
habitant of the moon, would remain immmxMtf fixed in the same 
part of the heavens. For being unconscious of his own motion 
around the earth, as we are of our motioa around the sun, the 
earth would seem to revolve aroiuid his own planet from west to 
east ; but, meanwhile, his rotation along with the moon on her 
axis, would cause the earth to have an apparent motion westward 
at the same rate. The two motions, thereftve, would exactly 
balance each other, and the earth would appear all the while at 
rest The earth is full to the moon when the latter is new to us ; 
and universally the two phases are complementary to each other.* 

S21. It has been observed already, (Art 214,] that the moon's 

, orbit crosses the ecliptic in two opposite points called the nod«s. 

That which the maoa. crosses from south to north, is called the 

aaceruiing node ; that which the moon crosses from north to south, 

the descending node. 

From the manner in which the figure representing the earth's 
orbit and that of the moon, is commonly drawn, the learner is 
Eometimcs mizzled to see how the orbit of the moon can 
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convey an emmeous idea ; for the moon, as well as the earth, 
lefolves around the son onder the influence of two forces, and 
would c<Hitinue her motion around the sun, were the earth re- 
moved out of the way. Indeed, the moon is attracted towards 
lbs son 2i times more than towards the earth,* and would aban- 
don the earth were not the latter also carried along with her by 
the aame forces. So far as the sun acts equally on both bodies, 
their motion with respect to each other would not be disturbed. 
Because the gravity of the moon towards the sun is found to be 
greater, at the conjunction, than her gravity towards the earth, 
some have apprehended that, if the doctrine of universal gravi- 
tation is true, the moon ought necessarily to abandon the earth. 
In order to understand the reason why it does not do thus, we 
must reflect, that when a body is revolving in its orbit under the 
action of the projectile force and gravity, whatever diminishes 
the force of gravity while that of projection remains the same, 
causes the body to recede from the ceiiter ; and whatever increases 
the amount of gravity carries the body towards the center. Now, 
vhen the moon is in conjunction, her gravity towards the earth 
acts in opposition to that towards the sun, while her velocity 
remains too great to carry her, with what force remains, in a 
circle about the sun, and she therefore recedes from the sun, and 
commences her revolution around the earth. On arriving at the 
opposition, the gravity of the earth conspires with that of the 
sun, and the moon's projectile force being less than that required 
to make her revolve in a circular orbit, when attracted towards 
the sun by the sum of these forces, she accordingly begins to ap- 
proach the sun and descends again to the conjunction.t 

223. The attraction of the sun, however, being every where 
greater than that of the earth, the actual path of the moon around 



* It ia shown by writers on Mechanics, that the forces with which bodies re- 

Tolving in circular orbits tend towards their centers, are as the radii of their orbits 

divided by the squares of their periodical times. Hence, supposing the orbits of 

the earth and the moon to be circular, (and their slight eccentricity will not much 

affeet the result,) we have 

r. r.. 400 1 ^^ , 

^ (:^.25)f * (27.32) t ••"•*• 

f M*Laarin*8 DiacoTeries of Newton, B. iv, oh. 5. 
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the nm i« every where coocaw towanUi the latter. Still the ellip- 
tical path of the moon aroand the earth, is to be conceived of in the 
same way as though both bodies were at refit with respect to the 
son. Thus, while a steamboat is passing swifUy around ao iA- 
aod, and a man is walking slowly around a post in the cabin, thB 
line which he describes in space between the forward motion of 
the boat and his circular motion aronnd the post, may be every 
where concave towards the island, while his path around the post 
will still be the same as though both were at rest A nail in the 
rim of a coach wheel, will turn around the axis of the wheel, 
when the coach has a forward motion in the same manner as 
when the coach is at rest, although the line actually described 
by the nail will be the resultant of both motions, and very differ^ 
ent Irom either. 
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LDMAX mREOnLABTITES. 



234 We have hitherto regarded the moon as describing a gteat 

circle on the face of the sky, such being the visible orbit as seen 
by projection. But, on more exact investigation, it is found that 
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and intelligible as &r as it goes, may be acquired by first gaining 
a distinct idea of the mutual actions of the sun, the moon, and 
the earth. 

2S26. The irregulariHes of the moon^s nudions, are due chiefly 
to the disturbing influence of the sun^ which operates in two ways ; 
firsts by acting unequally on the earth and moon^ andy secondly j 
iy ading obliquely on the nwon, on aecount of the incUnaiion of 
her orbit to the ecliptic* 

If the sun acted equally on the earth and moon, and always 
in parallel lines, this action would serve only to restrain them in 
their annual motions round the sun, and would not affect their 
actions on each other, or their motions about their common center 
of gravity. In that case, if they were allowed to fall directly 
towards the sun, they would fall equally, and their respective 
situations would not be affected by their descending equally to- 
wards it. We might then conceive them as in a plane, every part 
of which being equally acted on by the sun, the whole plane 
would descend towards the sun, but the respective motions of 
the earth and the moon in this jdane, would be the same as if 
it were quiescent. Supposing then this [dane and all in it, to 
have an annual motion imprinted on it, it would move regularly 
round the sun, while the earth and moon would move in it with 
respect to each other, as if the plane were at rest, without any 
irregularities. But because the moon is nearer the sun in one 
half of her orbit than the earth is, and in the other half of her 
orbit is at a greater distance than the earth from the sun, while 
the power of gravity is always greater at a less distance ; it fol- 
lows, that in one half of her orbit the moon is more attracted 
than the earth towards the sun, and in the other half less attracted 
than the earth. The excess of the attraction, in the first case, 
and the defect in the second constitutes a disturbing force, to 
which we may add another, namely, that arising from the oblique 
action of the solar force, since this action is not directed in par- 
allel lines, but in lines that meet in the center of the sun. 



* M'Laurin^s DitcoTeriei of Newton, B. ir, cb.4. La Place*! Syit. du Monde, 
B. IT, ch. 5. 
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226. To see dw effects of this process, let u soppoie Uiat ibB 
pn>jecLilfl motions of the earth and nuxm were destroyed, nd 
that they were allowed to fall freely towards the sun. If the 
moon was in conjunction with the sun, or in that part of her 
OfUt which is nearest to him, the moon wontd be more attracted 
than the earth, and fall with greater velocity towards the smi ; 
80 that the distance of the moon from the earth would be m- 
creased in the fall. If the moon was in opposition, or in the part 
of her orbit which is farthest from the sun, die would be lea 
attracted than the earth by the bod, and would fell with a less 
velocity towards the sun, and would be lefl behind ; so that the 
distance of the moon from the earth would be increased in this 
case also. If the moon was in one of the quarters, then the earth 
and moon being both attracted towards the center of the sun, 
they would both descend directly towards that center, and by 
approaching it, they would necessarily at the same time approach 
each other, and in this case their distance from each other 
would be diminished. Now wheoerer the action of the sua 
would increase their distance, if they were allowed to bll towards 
the sun, then the sun's action, by endeavoring to sepeiate them, 
diminishes their gravity to each other ; whenever the sun's action 
would diminish the distance, then it increases their mutual gravi' 
tation. Hence, in the conjunction and opposition, that is, in ths 
syzigiea, their gravity towards each other is diminished by the 
action of the sun, while in the quadratures it is increased. But 
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fall finrtfaer at the aid of an are below the tangent drawn at the 
other end of it Her motion will be thus accelerated, and it will 
continae to be accelerated until she arrives at the ensuing con* 
junction, because the direction of the sun's action upon her, during 
that time, makes an acute angle with the direction of her motion. 
(See Fig. 41.) At the conjunction, her gravity towards the earth 
being diminished by the action of the sun, her orbit will then be 
less curved, and she will be carried farther from the earth as she 
moves to the next quarter ; and because the action of the sun 
makes there an obtuse angle with the direction of her motion, 
die will be retarded in the same d^ree as she was accelerated 
before. 



228. After this genercd ex|danation of the mode in which the 
sun acts as a disturbing force on the motions of the moon, the 
learner will be prepared to understand the mathematical devel- 
opment of the same doctrine. 

Therefore, let ADBC (Fig. 48,) be the orbit, nearly circular, 
in which the moon M revolves in the direction CADB, round the 
earth E. Let S be the sun, and let 
SE the radius of the earth's orbit, 
be taken to represent the force with 
which the earth gravitates to the 

sun. Then (Art. ISO,) ggj : g^ 

SE« 
::SE : gjyfi=the force by which 

the sun draws the moon in the di- 

SE» 
lectiouMS. Take MG=gvj7, and 

let the parallelogram KF be descri- 
bed, having MG for its diagonal, 
and having its sides parallel to EIVI 
and ES. The force MG may be 
resolved into two, MF and MK, of 
which MF, directed towards E, the 
center of the earth, increases the 
gravity of the moon to the earth, and does not hinder the areas 
described by the radius vector from being proportional to the 
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times. The other (okb MK dnws the mom in the direction of 
the line joining the centeis of the sun and earth. It is, howerer, 
only the excess of this force, abore the force represented by SE, 
or that which draws the earth to the sun, which disturbs the rel*- 
tire position of the moon and earth. This is evideat, for if KM 
were just equal to ES, no disturbance of the moon relative to the 
sun could arise from it If then £S be taken from ME, tba 
difference HE is the whole force in the directi<»i parallel to SE, 
by which the sun disturbs the relative position of the moon and 
earth. Now, if in M£, MN be taken equal to HK, and if NO 
be drawn perpendicular to the radius vector EM produced, the 
force MN may be resolved into two, MO and ON, the first leasetH 
ing the gravity of the moon to the earth ; and the secuid, being 
parallel to the tangent of the moon's orbit in M, accelerates the 
moon's motion from C to A, and retards it from A to D, and so 
alternately in the other two quadrants. Thus the whole solar 
force directed to the center of the earth, is composed of the two 
parts MF and MO, which are sometimes opposed to one aa< 
other, but which never affect the uniform description of the areas 
about E Near the quadratures the force MO vsnishes, and the 
force MF, which increases the gravity of the moon to the earth, 
coincides with CE or DE. As the moon approaches the conjunc- 
tion at A, the force MO prevails over MF, and lessens the gravity 
of the moon to the earth. In the opposite point of the orbit, 
when the moon is in opposition at B, the force with which the 
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229. - 'With these general {Hrinciples in view, we may now pro- 
o^ to investigate the figure of the moon's orbit, and the irregu- 
to which the motions of this body are subject. 



230. The figure of the moon^s orbit is an elUpse^ having tlie 
earth in one of the foci. 

The elliptical figure of the moon's orbit, is revealed to us by 
observations on her changes in apparent diameter, and in her 
horizontal parallax. First, we may measure from day to day the 
apparent diameter of the moon. Its variations being inversely as 
the distances (Art. 163,) they give us at once the relative distance 
of each point of observation from the focus. Secondly, the va- 
riations on the moon's horizontal parallax, which also are inversely 
as the distances, (Art. 82,) lead to the same results. Observa- 
tions on the angular velocities, combined with the changes in the 
lengths of the radius vector, afford the means of laying down a 
plot of the lunar orbit, as in the case of the sun, represented in 
figure 32. The orbit is shown to be nearly an ellipse, because it 
is found to have the properties of an ellipse. 

The moon's greatest and least apparent diameters are respec- 
tively 33^518 and 2y.365, while her corresponding changes of 
parallax are 61^4 and 53^8. The two ratios ought to be equal, 
and we shall find such to be the fiu^t very nearly ; for, 

61.4 :53.8::33.618: 29.369. 

The greatest and least distances of the moon from the earth, 
derived from the parallaxes, are 63.8419 and 55.9164, or nearly 
64 and 56, the radius of the earth being taken for unity. Hence, 
taking the arithmetical mean, which is 59.879, we find that the 
mean distance of the moon from the earth is very nearly 60 times 
the radius of the earth. The point in the moon's orbit nearest 
the earth, is called her perigee; the point farthest from the earth, 

her apogee. 

The greatest and least apparent diameters of the sun are re- 
spectively 32.583, and 31.517, which numbers express also the 
ratio of the greatest and least distances of the earth from the sun. 
By comparing tliis ratio with that of the distances of the moon, 
it will be seen that the latter vary much more than the former, 
and consequently that the lunar orbit is much more eccentric 

17 
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than the solar. The eccentricity of the laooa's orbit is in fact 
0.0548, (the semi-major axis being as usual taken for uuity)=i', 
of its mean distance from the earth, while that of the earth is 
only .01685=;V ^^ its mean distance from the sun. 

231. The moon's nodes conatantly shift thar positions in the 
ecliptic from east to west, at the rate of 19^ 35' per annum, re- 
fuming to the same points in 16.6 years. 

Suppose the great circle of the ecliptic marked out on the face 
of the sky in a distinct Une, and let us observe, at aoy given time, 
the exact point where the moon crosses this line, which we will 
suppose to be close to a certain star ; then, on its next returo to 
that part of the heavens, we shall find that it crosses the echptic 
sensibly to the westward of that star, and so on, farther and far- 
ther to the westward every time it crosses the ecliptic at either 
node. This fact is expressed by saying that the nodes retrograde 
on the ecliptic, and that the Une which joins them, or the line of 
the nodes, revolves from east to west. 

233. This shifting of the. moon's nodes implies that the lunar 
orbit is not a curve returning into itself, but that it more resem- 
bles a spiral like the curve represented in figure 49, where abe 
represents the ecliptic, and ABC the Tig. 49. 

lunar orbit, having its nodes al C aud 
E, instead of A and a ; consequently, 
the nodes shift backwards through 
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earth. Hence the moon meets the plane of the ecliptic sooner 
than it would have done if that force had not acted. At every 
half revolution, therefore, the point in which the moon meets 
the ecliptic, shiflts in a direction contrary to that of the moon's 
motion, or contrary to the order of the signs. If the earth and 
mn were at rest, the effect of the deflecting force just described, 
would be to jHroduce a retrograde motion of the line of the nodes 
till that line was brought to pass through the sun, and of conse- 
quence, the plane of the moon's orbit to do the same, after which 
they would both remain in their position, there being no longer 
any force tending to produce change in either. But the motion 
of the earth carries the line of the nodes out of this position, and 
produces, by that means, its continual retrogradation. The same 
force produces a small variation in the inclination of the moon's 
orbit, giving it an alternate increase and decrease within very 
narrow limits.* These points will be easily understood by the aid 
of a diagram. Therefore, let MN (Fig. 50,) be the ecliptic, ANB 
the orbit of the moon, the moon being in L, and N its descend- 
ing node. Let the disturbing force of the sun which tends to 

Fig. 50. 

.A 




bring it down to the ecliptic be represented by L6, and its velocity 
in its orbit by La. Under the action of these two forces, the 
moon will describe the diagonal Lc of the parallelogram ba, and 
its orbit will be changed from AN to LN' ; the node N passes to 
N' ; and the exterior angle at N' of the triangle LNN' being greater 
than the interior and opposite angle at N, the inclination of the 
orbit is increased at the node. After the moon has passed the 
ecliptic to the south side to /, the disturbing force Id produces a 

• Playfair. 
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new change of the orbit N'fs to Wlf, and the inclination is di- 
minished as at N". In general, while the moon is receding frnn 
one of the nodes, its inclination is dimiaishing ; while it is ap- 
proaching a node, the inclinatioa is increasing.* 

233. The period occupied by the sun in passing from cme of 
the moon's nodes until it comes round to the same node again, 
is called the synodical revolution of the node. This period is 
shorter than the sidereal year, being only about 346} days. Ftw 
since the node shifts its place to the westward 19° SC per annum, 
the sun, in his annual revolution, comes to it so mocb before he 
completes his entire circuit ; and since the sun moTss about a 
degree a day, the synodical revolution of the node is 36S~ 19^ 
346, or more exactly, 346.619661. The time ihun one new 
moon, or from one full moon, to another, is 29.5305887 days. 
Now 19 synodical revolutions of the nodes contain very neariy 
223 of these periods. 

For 346.619851x19=6585.78, 

And 29.5305987x223=6585.32. 
Hence, if the sun and moon were to leave the moon's node 
together, after the sun had been round to the same node 19 times, 
the moon would have performed very nearly 223 synodical revo- 
lutions, and would, therefore, at the end of this period meet at 
the same node, to repeat the same circuit. And since eclipses of 
the sun and moon depend upon the relative position of the son, 
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ing cycle ; and, since the regulation of games, feasts, and fasts, 
has been made very extensively according to new or full moons, 
hence this lunar cycle has been much used both in ancient and 
modem times. The Athenians adopted it 433 years before the 
Christian era, for the regulation of their calendar, and had it in* 
scribed in letters of gold on the walls of the temple of Minerva. 
Hence the term Oolden Number ^ which denotes the year of the 
kmar cycle. 

236. The line of the apsides of the mowCs orbit revolves from 
IMS/ to east through her whole orbit in about nine years. 

If, in any revolution of the moon, we should accurately mark 
the place in the heavens where the moon comes to its perigee, 
(Art 230,) we should find, that at the next revolution, it would 
come to its perigee at a point a little farther eastward than before, 
and so on at every revolution, until, after 9 years, it would come 
to its perigee at nearly the same point as at first. This fact is 
expressed by saying that the perigee, and of course the apogee, 
revolves, and that the line which joins these two points, or the 
line of the apsides, also revolves. 

The place of the perigee may be found by observing when 
the moon has the greatest apparent diameter. But as the mag- 
nitude of the moon varies slowly at this point, a better method 
of ascertaining the position of the apsides, is to take two points 
in the orbit where the variations in apparent diameter are most 
rapid, and to find where they are equal on opposite sides of the 
orbit. The middle point between the two will give the place of 
the perigee. 

The angular distance of the moon from her perigee in any part 
of her revolution, is called the Moon^s Anomaly. 

236. The change of place in the apsides of the moon's orbit, 
like the shifting of the nodes, is caused by the disturbing influence 
of the sun. If when the moon sets out from its perigee, it were 
urged by no other force than that of projection, combined with 
its gravitation towards the earth, it would describe a symmetrical 
curve (Art. 186,) coming to its apogee at the distance of 180°. 
But as the mean disturbing force in the direction of the radius 
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vector tends, on the whole, to diminish the gravitation of the 
moon to the earth, the portion of the path described in an in- 
stant will be less deflected from her tangent, or less curved, than 
if this force did not exist. Hence the path of the moon will 
not intersect the radius vector at right angles ; that is, she will 
not arrive at her apogee until after passing more than 180° from 
her perigee, by which means these points will constantly shift 
their positions from west to east.* The motion of the apsides is 
found to be 3*^ 1' 20" lot every sidereal revolution of the moon. 

237. On account of the greater eccentricity of the moon's orlat 
above that of the sun, the Equation of the Center, or that cor- 
rection which is applied to the moon's mean anomaly to find ha 
true anomaly (Art. 200;) is much greater than that of the sun, 
being when greatest more than six degrees, (6° 17' 12''.7,) while 
that of the sun is less than two degrees, ( 1*^ 55' 2G".8. ) 

238. Next to the equation of the center, the greatest correction 
to be applied to the moon's longitude, is that which belongs to 
the EvecUon. The erection is a change of form tn the lunar 
orbit, by which its eccentricity is sometimes increased, and some- 
times diminished. It depends on the position of the line of the 
apsides with respect to the line of the syzigies. 

This irregularity, and its connexion with the place of the peri- 
gee with respect to the place of conjunction or opposition, was 
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place by deducting the equation of the center from the mean 
anomaly (See Art. 200,) seven days after conjunction, the com- 
puted longitude will be greater than that determined by actual 
obeervation, by about 80 minutes ; but if the same estimate is 
made when the line of the apsides is in quadratute, the computed 
longitude will be less than the observed, by the same quantity. 
These results plainly show a connexion between the velocity of 
the moon's motions and the position of the line of the apsides 
with respect to the line of the syzigies. 

239. Now any cause which, at the perigee, should have the 
effect to increase the moon's gravitation towards the earth beyond 
its me€Ui, and, at the apogee, to diminish the moon's gravitation 
towards the earth, would augment the difference between the 
gravitation at the perigee and at the apogee, and consequently in- 
crease the eccentricity of the orbit. Again, any cause which at 
the perigee should have the effect to lessen the moon's gravitation 
towards the earth, and, at the apogee, to increase it, would lessen 
the difference between the two, and consequently diminish the 
eccentricity of the orbit, or bring it nearer to a circle. Let us 
see if the disturbing force of the sun produces these effects. The 
sun's disturbing force, as we have seen in article 228, admits of 
two resolutions, one in the direction of the radius vector, (OM, 
Fig. 48,) the other (ON) in the direction of a tangent to the orbit, 
t'irst, let AB be the line of the apsides in syzigy, A being the 
place of the perigee. The sun's disturbing force OM is greatest 
in the direction of the line of the syzigies ; yet being proportional 
to the distance of the moon from the earth, it is at a minimum 
when acting at the perigee, and at a maximum when acting at 
the apogee. Hence its effect is to draw away the moon from the 
earth less than usual at the perigee, and of course to make her 
gravitation towards the earth greater than usual, while at the 
apogee its effect is to diminish the tendency of the moon to the 
earth more than usual, and thus to increase the disproportion be- 
tween the two distances of the moon from the focus at these two 
points, and of course to increase the eccentricity of the orbit. 
The moon, therefore, if moving towards the perigee, is brought 
to the line of the apsides in a point between its mean place and 
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the earth ; or if moving tovards the ^»gee, she reaches the line 
of the apsides in a point more remote &om the earth than its 
meat! place. 

Secondly, let CD be the Une of the apades, in quadrature, C 
being the place of the perigee. The effect of the sun's disturb- 
ing force is to increase the tendency of the moon towards the 
earth when in quadrature. If, however, the moon is then at bar 
perigee, such increase will be less than usual, and if at her apogee, 
it will be more than usual ; hence its effect will be to lessen the 
disproportion between the two distances of the moon &om Uie 
forces at these two points ; and of course to diminish the eccen- 
tricity of the orbit. The moon, theiefore, if moving towards 
the perigee, meets the line of the apsides in a point more remote 
from the earth than the mean place of the perigee ; and if mo- 
ving towards the apogee, in a point between the ,earth and the 
mean place of the apc^ee.* 

240. A third inequality in the lunar motions, is the VariaiwH. 
By comparing the moon's place as computed from her mean mo- 
tion corrected for the equation of the center and for evection, 
with her place as determined by observation, Tycho Biahe dis- 
covered that the computed and observed places did not always 
agree. They agreed only in the syzigics, and disagreed most at 
a point half way between, that is, at the odants. Here, at the 
maximum, it amounted to more than half a degree (35' 41."6.) 
It apjieared evident from examining the daily observations while 
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moon's orbit. The former, as already explained, produces the 
Evrectioa : the latter produces the Yariation. This latter force 
will accelerate the moon's velocity, in every point of the quadrant 
which the moon describes in moving from quadrature to conjunc- 
tion, or from C to A, (Fig. p. 127,) but at an unequal rate, the 
acceleration being greatest at the octant, and nothing but at the 
quadrature and the conjunction ; and when the moon is past 
conjunction, the tangential force will change its direction and 
retard the moon's motion. All these points will be onderstood 
by inspection of figure 48. 

241. A fourth lunar inequality is the Annual Equation. This 
depends on the distance of the earth (and of course the moon) 
from the sun. Since the disturbing influence of the sun has a 
greats efiect in proportion as the sun is nearer,* consequently all 
the inequalities depending on this influence must vary at different 
seasons of the year. Hence, the amount of this eflect due to 
any particular time of the year is called the Annual Equation. 

242. The foregoing are the largest of the inequalities of the 
moon's motions, and may serve as specimens of the corrections that 
are to be applied to the mean place of the moon in order to find 
her true place. These were first discovered by actual observation ; 
but a far greater number, though most of them are exceedingly 
miiuite, have been made known by the investigations of Phys- 
ical Astronomy, in following out all the consequences of universal 
gravitation. In the best tables, about 30 equations are applied to 
the mean motions of the moon. That is, we first compute the 
place of the moon on the supposition that she moves uniformly 
in a circle. This gives us her mean place. We then proceed, 
by the aid of the Lunar Tables, to apply the diflerent corrections, 
such as the equation of tlie center, evection, variation, the annual 
equation, and so on, to the number of 28. Nmnerous as these 
corrections appear, yet La Place informs us, that the whole num- 
ber belonging to the moon's longitude is no less than 60 ; and 
that to give the tables all the requisite degree of precision, addi- 
tional investigations will be necessary, as extensive at least as 
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those already^ made.* The best tables in use in the time of Ty- 
cbo Biabe, gave the moon's place only by a distant approximatioiL 
The tables in use in the time of Newton, (Halley's tables,] ap- 
|voximated within 7 minutes. Tables at present in use gire tin 
moon's place to 5 seconds. These additional degrees of accuracy 
have been attained ouly by immense labor, and by the united 
efforts of Physical Astronomy, and the most refined observationB. 

243. The inequalities of the moon's motions are divided into 
periodical and secular. Periodical inequalities are those which 
are completed in comparatively short periods, like evection and 
variation : Secular inequalities are those which are completed 
only in very long periods, such as centuries or ages. Hence the 
corresponding terms periodical equations, and secular equations. 
As an example of a secular inequality, we may mention the ao- 
celeration of the moon's mean motion. It is discovered, that the 
moon actually revolves around the earth in less time now than 
she did in imcient times. The difference however is exceedingly 
small, being only about 10" in a century, but increases from cen- 
tury to century as the square of the number of centuries. This 
remarkable fact was discovered by Dr. Halley.f In a lunar 
eclipse the moon's longitude diSers from that of the sun, at the 
middle of the eclipse, by exactly 180^ ; and since the sun's lon- 
gitude at any given time of the year is known, if we can leam 
the day and hour when an eclipse occurs, wc shall of course know 




ECLIPSES. 139 

This phenomenon at first led astronomers to apprehend that the 
moon encountered a resisting medium, which, by destroying at 
efery revolution a small portion of her projectile force, would 
have the effect to bring her nearer and nearer to the earth and thus 
Id augment her velocity. But in 1786, La Place demonstrated 
that this acceleration is one of the legitimate effects of the sun's 
disturbing force, and is so connected with changes in the eccen- 
tricity of the earth's orbit, that the moon will continue to be 
accelerated while that eccentricity diminishes, but when the ec- 
centricity has reached its minimum (as it will do after many ages) 
and begins to increase, then the moon's motion will b^in to be 
retarded, and thus her mean motions will oscillate forever about 
a mean value. 

244 The lunar inequalities which have been considered are 
such only as effect the moon's longitude ; but the sun's disturb- 
ing force also causes inequalities in the moon's latitude and par- 
alias. Those of latitude alone require no less than twelve equa- 
tions. Since the moon revolves in an orbit inclined to the ecliptic, 
it is easy to see that the oblique action of the sun must admit of 
a resolution into two forces, one of which being perpendicular to 
the moon*s orbit must effect changes in her latitude. Since also 
several of the inequalities already noticed involve changes in the 
length of the radius vector, it is obvious that the moon's parallax 
must be subject to corresponding perturbations. 



CHAPTER VII. 



ECLIPSES. 



245. Aw eclipse of the moon happens, when the moon in its 
revolution about the earth, falls into the earth's shadow. An 
edipse of the sun happens, when the moon, coming between the 
earth and the sun, covers either a part or the whole of the solar 
disk. An eclipse of the sun can occur only at the time of con- 
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junction, or new moon ; and an eclipse of the moon, only at the 
time of opposition, or full moon. Were the moon's orbit in the 
same plane with that of the earth, or did it coincide with the 
ecliptic, then an eclipse of the sun would take place at every 
conjunction, and an eclipse of the moon at every opposition ; tot 
aa the sun and earth both lie in the ecliptic, the shadow of the 
earth must also extend in the same {Jane, being of course always 
directly opposite to the sun ; and since, as we shall soon see, the 
length of this shadow is much greater than the distance of tba 
moon from the earth, the moon, if it revolved in the plane of the 
ecliptic, must pass through the shadow at^every full moon. For 
similar reasons, the moon would occasion an eclipse of the sun, 
partial or total, in some portions of the earth at every new moon. 
But the lunar orbit is inclined to the echptic about 5°, so that the 
center of the moon, when she is farthest from her node, is 5^ fma 
the axis of the earth's shadow (which is always in the ecliptic;) 
and, as we shall show presently, the greatest distance to which the 
shadow extends on each side of the ecliptic, that is, the greatest 
semi-diameter of the shadow, where the moon passes through it, 
is only about %o{& degree, while the semi-diameter of the moon's 
disk is only about i of a degree ; hence the two semi-diame- 
ters, namely, that of the moon and the earth's shadow, cannot 
overlap one another, unless, at the time of new or full moon, the 
sun is at or very near the moon's node. In the course of the sun's 
apparent revolution around the earth once a year, be is s 
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S46. If the sun weie of the same size with the earth, the 
shadow of the earth would be cylindrical and infinite in length, 
since the tangents drawn from the sim to the earth (which form 
the boundaries of the shadow) would be parallel to each other ;^ 
bat as the sun is a vastly larger body than the earth, the tangents 
convolve and meet in a point at some distance behind the earth, 
forming a cone of which the earth is the base, and whose vertex 
(and of course its axis) Ues in the ecliptic. A little reflection 
will also show us, that the form and dimensions of the shadow 
must be affected by several circumstances ; that the shadow must 
be of the greatest length and breadth when the sun is farthest 
fitom the earth ; that its figure will be slighdy modified by the 
spheroidal figure of the earth ; and that the moon, being, at the 
time of its opposition, sometimes nearer to the earth, and some- 
times farther from it, will accordingly traverse it at points where 
its breadth varies more or less. 

247. The semirangle of the cone of the earMs shadow ^ is equal 
to the sun^s apparetU semirdiameter^ minus his horizontal par^ 
Max. 

Let AS (Fig. 51,) be the semi-diameter of the sun, BE that of 
the earth, and EC the axis of the earth's shadow. Then the 
semi-angle of the cone of the earth's shadow ECB^AES — EAB, 

Fig. 51. 



of which AES is the sun's semi-diameter and EAB his horizontal 
parallax ; and as both these quantities are known, hence the an- 
gle at the vertex of the shadow becomes known. Putting ^ for 
the sun's semi-diameter, and p for his horizontal parallax, we 
have the semi-angle of the earth's shadow ECB==^-i>. 



S48. Ai the mean distance of the earth fn>m the sun, the Ungth 
of the earth's tkadow is about 860,000 nules, or more than Mroa 
times the distaitcc of the moon from the earth. 

In the right angled triangle ECB, the angle ECB being knows, 
tod the side EB, we cao find the side EC. For sin. 8—p % EB 
EB 

::R : EC=n — ; This value will vary with the sun's setni- 

Bin. S —p ' 

diameter, being greater as that is less. Its mean value being 
16' 1".5 and the sun's horizontal paiallax being 8".6, i—p^ 
15' fi2".9, and EB=3956.2. Hence, 

Sin. 16* 63" : Rad. : : 3966.3 : 866,276. 
Since the distance of the moon from the earth is 238.545 miles, 
the shadow extends about 3.6 times as far as the moon, and con- 
sequently, the moon passes the shadow towards its broadest port, 
where its breadth is much more than sufficient to cover the moon's 
disk. 

249. The average breadth of the earth's shadow where it 
eclipses the moon, is abnost three times the moon's diameter. 

Let mm' (Fig. 61,) represent a section of the earth's shadow 
where the moon passes through it, M being the center of the cir^ 
cular section. Then the angle MEm- will be the angular breadth 
of half the shadow. But, 

MEm=B7riE — BCE; that is, since BtnE is the moon's hori- 
zontal parallaz (Art. 82,) and BCE equals the sun's semi-diama- 
refore. pulling P for 
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the Sokar Ecliptic Lknit. The Limits are respectively the tax- 
thest possible distances fiom the node at which eclipses can take 
place. 

' ^' 251. The Lunar EcKptic Limit is nearly 12 degree. 
•^^ " Let CN (Pig. 52,) be the sun's path, MN the moon's, and N the 
node. Let Ca be the semi-diameter of the earth's shadow, and 
Ma the semi-diameter of the moon. Since Ca and Ma are known 

Fig. 62. 




quantities, their sum CM is also known. The angle at N is 
known, being the inclination of the lunar orbit to the ecliptic. 
Hence, in the spherical triangle MON, right angled at'M,* by 
Napier's theorem, (p. 60.) 

Rad. xsin. CM = sin. CNxsin. MNC. 
The greatest apparent semi-diameter of the earth's shadow 
where the moon crosses it, computed by article 249, is 45' 52^', 
and the moon's greatest apparent semi-diameter, is 16' 45''.5, 
which together, give MC equal to 62' 37".5. Taking the incli- 
nation of the moon's 6rbit, or the angle MNC (what it generally 
is in these circumstances) at 5^ 17', and we have Rad. x sin. 

-.^o^ ^ . ^^r . Radysin.62'37".5 
ea' 37".5=sm. CNxsin. 6° 17', or sin. CN = ^5017/ 

= 11^ 25' 40".t This is the greatest distance of the moon from 
her node (in longitude) at which an eclipse of the moon can take 
place. By varying the value of CM, corresponding to variations 
in the distances of the sua and moon from the earth, it is found 
that if NC is less than 9°, there must be an eclipse ; but between 
this and the limit, the case is doubtful. 

When the moon's disk only comes in contact with the earth's 
shadow, as in figure 52, the phenomenon is called an appulse; 



* The lin« CM is to be ri'gnrded ad the projection of the line which connect! 
the centers of the moon and section of the earth's shadow, as seen from the earth, 
t Woodhouse't Astronomy, p. 718. 
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when only a part of tfie disk eaten the shadow, the eclipie u 
said to be partial, and total if the whole of the disk enters the 
shadow. The eclipse is called central when the moon's center 
coincides with the axis of the shadow, which happens when tba 
mooa at the time of the eclipse ia exactly at her node. 

262. Before the moon enters the earth's shadow, the earth begins 
to intercept from it portions of the sun's light, gradually increasing 
until the moon reaches the shadow. This partial light is called 
the moon's Penumbra. Its limits are ascertained by drawing 
the tangents ACS', and A'CR Throughout the space included 
between these tangents more or less of the sun's light is inter* 
cepted from the moon by the interposition of the earth ; fw it is 
erident, that as the moon moves to.wards the shadow, she would 
gradually lose the view of the sun, until, on entering the shadow, 
the sun would be entirely hidden from her. 

253. The semi-atigle of the Penumbra equals the tun's semi- 
diameter and horizontal parallax, or 8+p. 

The angle ACM (Pig. 51,)=AC'S=AES+B'AE. But AE3 
is the Sim's semi-diameter, and B'AE is the sun's horizontal par- 
aUaz, both of which quantities are known. 

254. The semi-angle of a section of the Penun^ra, where the 
moon crosses it, equals the moon's horizontal paraUax, phis fAe 
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counted tot by sapposing that a portion of the solar rays which 
graze the earth's surface axe absorbed and extinguished by the 
lower strata of the atmosphere. This amounts to the same thing 
as though the earth were larger than it is, in which case the 
moon's horizontal parallax would be increased ; and accordingly, 
in order that theory and observation may coincide, it is found 
necessary to increase the parallax by j\. 

256. In a total eclipse of the moon, its disk is still visible, 
shining with a dull red light This light cannot be derived di- 
rectly from the sun, since the view of the sun is completely hid- 
den from the moon ; nor by reflexion from the earth, since the 
illuminated side of the earth is wholly turned from the moon ; 
but it is owing to refraction by the earth's atmosphere, by which 
a few scattered rays of the sun are bent round into the earth's 
shadow and conveyed to the moon, sufficient in number to aflbrd 
the feeble light in question. 

257. In calculating an ecKpse of the moon, we first learn from 
the tables in what month the sun, at the time of full moon in that 
month, is near the moon's node, or within the lunar ecliptic limit. 
This it must evidently be easy to determine, since the tables ena- 
ble us to find both the longitudes of the nodes, and the longi- 
tudes of the sun and moon, for every day of the year. Conse- 
quently, we can find when the sun has nearly the same longitude 
as one of the nodes, and also the precise moment when the lon- 
gitude of the moon is 18(P from that of the sun, for this is the 
time of opposition, or of the middle of the eclipse. Having the 
time of the middle of the eclipse, and the breadth of the shadow, 
(Art. 249,) and knowing, from the tables, the rate at which the 
moon moves per hour faster than the shadow, we can find how 
long it will take her to traverse half the breadth of the shadow ; 
and this time subtracted from the time of the middle of the 
eclipse, will give the beginning, and added to the time of the 
middle will give the end of the eclipse. Or if instead of the 
breadth of the shadow, we employ the breadth of the penum- 
bra (Art. 253,) we may find, in the same manner, when the 
moon enters and when she leaves the penumbra. We see, 

19 
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therefore, how by having a few things known by obserratioii, 
Boch as the sun and moon's semi-diameters, and their horizontal 
parallaxes, we rise, by the aid of trigonometry, to the knowledge 
of various particulars lespecting the length and breadth of the 
shadow and of the penumlH% These being known, we next 
have recourse to the tables which contain all the necessary par- 
ticulars respecting the motions of the sim and moon, together 
with equations or corrections, to be applied for all their irregulari- 
ties. Hence it is comparatively an easy task to calculate with 
great accuracy an eclipse of the moon. 

258. Iiet us then see how we may iind the exact time of the 
beginning, end, duration, and magnitude, of a lunar eclipse. 

Let NG (Fig. 53,) be the ecliptic, and Nog- the moon's orbit, 
the sun being in A when the moon is in opposition at a; let N 
be (he ascending node, and Aa the moon's latitude at the instant 

Fig. 53. 



of opposition. An hour afterwards the sun will have passed to 
A', and the moon to f, when thedifferenceof longitude of the two 
bodise will be gA'. Then gh is the moon's hourly motion in lati- 
tude, and ah her hourly motion in longitude. As the character 

and furui of the eclipse will depend solely upon the distances 
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Draw CD (Fig. 64,) to represent the ecliptic, and let A be the 
{dace of the sun. As the tables give the computation of the 
moon's latitude at every instant, consequently, we may take from 
them the latitude corresponding to the instant of opposition, and 
to one hour later ; and we may take also the sun's and moon's 
hourly motions in longitude. Take AD, AB, each equal to the 

Fig. 54. 




relative motion, and Aa=sthe latitude in opposition, Dc{— the lati- 
tude one hour afterwards ; join da and produce the line da both 
ways, and it will represent the moon's relative orbit. Draw B6 
at right angles to CD and it will be the latitude an hour before 
opposition. At the time of the eclipse, the apparent distance of 
the center of the shadow from the moon is very small ; conse- 
quently, CD, cd, Tkl, &c. may be regarded as straight lines. 
During the short interval between the beginning and end of an 
eclipse, the motion of the sun, and consequently that of the cen- 
ter of the shadow, may likewise be regarded as uniform. 

259. The various particulars that enter into the calculation of 
an eclipse are called its Elements ; and as our object is here merely 
to explain the method of calculating an eclipse of the moon, (re- 
serving the actual computation for the fourth part of this work, ) 
we may take the elements at their mean value. Thus, we will 
consider cd as inclined to CD 5^ y, the moon's horizontal parallax 
as 58', its semi-diameter as 16', and that of the earth's shadow 
as 42^ The line Am perpendicular to cd gives the point 7n for 
the place of the moon at the middle of the eclipse, for this line 
bisects the chord, which represents the path of the moon through 
the shadow ; and mM, perpendicular to CD, gives AM for the 
time of the middle of the eclipse before opposition, the number 
of minutes before opposition being the same part of an hour that 
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AM is of AB.* From the center A, vitb a radius equal to that of 
the earth's shadow ( 42') describe the semi-circle BLF, and it will 
represent the projection of the shadow traversed by the moon. 
With a radius equal to the serai-diameter of the shadow and that 
of the moon ( =42' -(-16' =68') and with the center A, mai^ the 
two points c and / on the relative orbit, and they will be the 
places of the center of the moon at the beginning and end of 
the eclipse. The perpradiculara cC, /F, give the times AC and 
AF of the commencement and the end of the eclipse, and CKf, 
or MF gives half the duration. From the centers c and/ with 
a radius equal to the semi-diameter of the moon (16') describe 
circles, and they will each touch the shadow, (Euc. 3.12.) indi- 
catiog the position of the moon at the beginning and end of 
the eclipse. If the same circle described from m is wholly 
within the shadow, the eclipse will be Mai; if it is only portly 
within the shadow, the eclipse will be partiaL With the cento* 
A, and radius equal to the semi-diameter of the shadow minus 
that of the moon (42'- 16'=26') mark the two pranls c',/, which 
will give the places of the center of the moon, at ttie beginning 
and end of total darkness, and MC, MF' will give, the corres- 
ponding times before and after the middle of the ecUpse. Their 
sum will bo the duration of total darkness. 

260. If the foregoing projection be accurately made from a 
scale, the required particulars of the eclipse may be ascertained 

by measuring on the same scale, the lines wliJcU res[x;ctively 
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(Fig. 54,) having the side Am and the angle AmM (=aAm) we 
caa find AMs^the arc of relative longitude described by the moon 
fiom the time of the middle of the eclipse to the time of opposi- 
tion ; and knowing the moon's hourly motion in longitude, we 
can convert AM into time, and this subtracted from the time of 
oppoaition gives us the iime of the middle of the eclipse. 

Secondly, since we know the length of the line Ac* and can 
easily find the angle cAC, we can thus obtain the side AC ; and 
AC — AM=MC, which arc, converted into time by comparing it 
with the moon's hourly motion in longitude, gives us, when sub- 
tracted from the time of the middle of the eclipse, the time of the 
beginning of the eclipse, or when added to that of the middle, 
ike time of the end of the eclipse. The sum of the two equals 
the whole duration. 

Thirdly, by a similar method we calculate the value of MC, 
which converted into time, and subtracted from the time of the 
middle of the eclipse, gives the commencement of total darkness^ 
or when added gives the efid of total darkness. Their sum is 
the durcUion of total darkness. 

Fourthly, the quantity of the eclipse is determined by supposing 
the diameter of the moon divided into twelve equal parts called 
• Digits, and finding how many such parts lie within the shadow, 
at the time when the centers of the moon and the shadow are 
nearest to each other. Even when the moon lies wholly within 
the shadow, the quantity of the eclipse is still expressed by the 
number of digits contained in that part of the line which joins 
the center of the shadow and the center of the moon, which is 
intercepted between the edge of the shadow and the inner edge 
of the moon. Thus in figure 54, the number of digits eclipsed, 

no Ao— An Ao— (Am — nm) 
equals T7>= — , ^^i = r^ > an expression contain- 
ing only known quantities. 

261. The foregoing will serve as an explanation of the general 
principles, on which proceeds the calculation of a lunar eclipse. 
The actual methods practiced employ many expedients to facili- 
tate the process, and to insure the greatest possible accuracy, the 

* This line In not repretentedln the figure, but may be easily imagined. 
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nature of which will be explained and exemplified in the fooith 
part of this work. 

262. The leading particulars respecting an Eclipse of the Sdit, 
are ascertained very nearly like those of a lunar eclipse. The 
shadow of the moon travels over a portion of the earth, as the 
shadow of a small cloud, seen from an eminence in a clear day, 
rides along over hills and phuns. Let us imagine oureelvea stand- 
ing on the moon ; then we shall see the earth partially eclipsed 
by the shadow of the moon, in the same manner as we now see 
the moon eclipsed by the earth's shadow ; and we might proceed 
to find the length of the shadow, its breadth where it eclipses the 
earth, the breadth of the penumbra, and its duration and quan- 
tity, in the same way as we have ascerlained these portictUars for 
an eclipse of the moon. 

But, although the general characters of a solar eclipse might 
be investigated on these principles, so far as respects the earth at 
large, yet as the appearances of the same eclipse of the sun are 
very different at different places on the earth's surface, it is ne- 
cessary to calculate its peculiar aspects for each piiux separately, 
a circumstance which makes the calculation of a solar eclipse 
much more complicated and tedious than of an eclipse of the 
moon. The moon, when she enters the shadow of the earth, is 
deprived of the light of the part immersed, and that part a^^ieani 
black alike to all places when the moon is above the horizon. 
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-miles, and the shadow moves of course at the same rate, or 2280 
miles per hour, traversiDg the entire disk of the earth in less than 
four hours. This is the velocity of the shadow when it passes 
perpendicularly over the earth ; when the direction of the axis 
of the shadow is oblique to the earth's surface the velocity is 
increased in proportion of radius to the sine of obliquity ; for 
having a greater space to pass over in the same time, its velocity 
must of course be greater. When the conjunction takes place 
exactly at the node, the axis of the moon's shadow lies in the 
ecUptic, and the shadow traverses the earth perpendicularly to its 
surface ; but when the conjunction occurs on either side of the 
node, but within the solar ecliptic Umits, the shadow falls ob- 
liquely on the earth. The moon's shadow being a cone, the 
oblique section of it made by the earth, is an ellipse. 

Let us endeavor to form a just conception of the manner in 
which these three bodies, the sun, the earth, and the moon, are 
situated with respect to each other at the time of a solar eclipse. 
First, suppose the conjimction to take place at the node. Then the 
straight line which connects the centers of the sun and the earth, 
also passes through the center of the moon, and coincides with the 
axis of its shadow ; and, since the earth is bisected by the plane 
of the ecliptic, the shadow would traverse the earth in the direc- 
tion of the terrestrial ecliptic, from west to east, passing over the 
middle regions of the earth. Here the diurnal motion of the earth 
being in the same direction with the shadow, but with a less 
velocity, the shadow will appear to move with a speed equal only 
to the difference between the two. Secondly, suppose the moon 
is on the north side of the ecliptic at the time of conjunction, 
and moving towards her descending node, and that the conjunc- 
tion takes place just within the solar ecliptic limit, say 16^ from 
the node. The shadow will now not fall in the plane of the 
ecliptic, but a little northward of it, so as just to graze the earth 
near the pole of the ecliptic. The nearer the conjunction comes 
to the node, the farther the shadow will fall from the pole of the 
ecliptic towards the equatorial regions. In certain cases, the 
shadow strikes beyond the pole of the earth ; and then its eas- 
terly motion being opposite to the diurnal motion of the places 
which it traverses, consequently its velocity is greatly increased, 
being equal to the sum of both. 
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264. After these general considerations, we vill now examine 
more particulaily the method of investigiiting the elements of a 
solar eclipse. 

The length of the moon's shadow, is the first object of inquiry. 
The moon as well as the earth, is at different distances from the 
SUD at different times, and hence the length of her shadow varies, 
being always greatest when she is iarthest from the bud. Also, 
since her distance from the earth raries, the section of the moon's 
shadow made by the earth, is greater in {woportion as the moon 
is nearer the earth. The greatest eclipses of the sun, therefore, 
happen when the sun is in apogee,* and the moon in perigee. 

265. When the moon is at her mean distance from the earth, 
andfrwn the san, her shadow nearly reaches the earth's surface. 

Let S (Fig. 53,) represent the sun, D the moon, and T the 
earth. Then, the semi-angle of the cone of the moon's shadow, 
DKR, will, as in the case of the earth, (Art. 247,) equal SDR- 
DRK, of which SDR is the sun's apparent semi-diameter, aa 
seen from the moon, and DRK, is the sun's horizontal parallax 
at the moon. Since, on account of the great distance of the 
Fig. 56. 
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Now, SDR : STR : : ST : SD» : : 400 : 399 ; h^nce SDR 

400 
^399 *^'^R'=^*^^^ STR; and the sun's mean semi-diameter 

STR being 16.025, hence Sim=1.0025 X 16.026=16.065=: 
16^ 3^9. 

Again, since parallax is inversely as the distance, the sun's hor- 
izontal parallax at the moon, is on account of her being nearer 
die son yIv greater than at the earth ; but on account of her 
infiuior size it is ff j) less than at the earth. Hence, increasing 
the sun's horizontal parallax at the earth by the former fraction, 

400 2160 
and diminishing it by the latter, we have 099 X ^qj^o x^ =2''.6= 

sun's horizontal parallax at the moon. Therefore, the semi-angle 
€i the cone of the moon's shadow, which, as appears above, 
equals SDR-DRE, equals 16^ 3''.9- 2^5=16' R4, which so 
nearly equals the sim's apparent semi-diameter, as seen from the 
earth, that we may adopt the latter as the value of the semi-angle 
of the shadow. Hence, sin. 16^ F.6 : 1080(BD): :Rad. : DK= 
231690. But the mean distance of the moon from the surface of 
the earth-is 238545 - 3956-234589, which exceeds a little the 
mean length of the shadow as abo7e. 

But when the moon is nearest the earth her distance from the 
center of the earth is only 221148 miles; and when the earth is 
&rthest from the sun, the sun's apparent semi-diameter is only 
15^ 45^^5. By employing this number in the foregoing estimate, 
we shall find the length of the shadow 235630 miles ; and 
235630 - 221 148 = 14482, the distance which the moon's shadow 
may reach beyond the center of the earth. 

266. The diameter of the moan^s shadow where it traverses 
the earthj is, at its maxifnum, about 170 miles. f 

In the triangle cTK, the angle at K=:15' 45^5 (Art. 265,) the 
side Tc=3956, and TK= 14482. 



* The apparent magnitude of an object being reciprocally as its distance fW>m 
the eye. See Note, p. 85. 

t Thii ■uppoBca the conjunction to take place at the node, and the shadow to 
strike the earth perpendicularly to its surface ; where it strikes it obliquely, the 
section may be greater than this. 

20 



Or, 3956 : 14482: :«n. 16' 46."5 : sin. 57' iV'.S. 

And 57' 41."5+1S' 46."5=1° 13' 27"^dTe, oa the arctb; 

And 2de=2P 26' 64"=cti. 

Hence 360 : 2.4S (=2° 26' 64"): :24899* : 170(neai)y). 

267. The greatest portion of the earth'a aw/ace ever coverei 
by the moon's penumbra, i» about 4393 miles, ■ 

The semi-angle of the penumbra BIU=BSD+SBR, of whidi 
BSD the sun's horizontal parallax al the moon— 2".6, and SBR 
the sun's ef>pBTeiit Bemi-diameter=16' 3".9, and hence BIDii 
known. The moon's apparent semi-diameter BGD = 16' 45".6. 
Therefore ODT is known, as likewise DT and TG. Hence 
the angle GTd may be found, and the arc dG and its -doable 
GH, -which equals the angular breadth of the penumbra. It 
may be conrerted into miles by stating a proportion as in article 
266. On making the calculation it will be found to be 4393 
miles. 

268. The apparent diameter of the moon is aometimea largw 
than that of the aim, sometimes smaller, and sometimes exactly 
equal to it. Suppose an observer placed on the right line which 
joins the centers of the sun and moon ; if the apparent diameter 
of the moon is greater than that of the sun, the eclipse will be 
total. If the two diameters are equal, the moon's ^adow jost 
reaches the earth, and the sun is hidden bnt for a moment from 
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cause alone, of two observers at a distance from each other, one 
might see an eclipee which was not visible to the other.* If 
the horizontal diameter of -the moon differs but little from the 
apparent diameter of the smi, the case might occur where the 
eclipse would be annular chrer the places where it was observed 
morning and evening, but total where it was observed at mid- 
day. 

The earth in its diurnal revolution and the moon's shadow 
both move from west to east, but the shadow moves faster than 
the earth ; hence the moon overtakes the sun on its Western limb 
and crosses it from west to east. The excess of the apparent di- 
ameter of the moon above that of the sun in a total eclipse is so 
small, that total darkness seldom continues longer than four min- 
utes, and can never continue so long as eight minutes. An an- 
nular eclipse may last 12m. 24s. 

Since the sun's ecliptic limits are more than 17^ and the moon's 
less than 12^, eclipses of the sun are more frequent than those of 
the moon. Yet lunar eclipses being visible to every part of the 
terrestrial hemisphere opposite to the sun, while those of the sun 
are visible only to the small portion of the hemisphere on which 
the moon's shadow falls, it happens that for any particular place 
on the earth, lunar eclipses are more frequently visible than solar. 
In any year, the number of eclipses of both luminaries cannot be 
less than two nor more than seven : the most usual number is 
four, and it is very rare to have more than six. A total eclipse 
of the moon frequently happens at the next full moon after an 
eclipse of the sun. For since, in an eclipse of the sun, the sun 
is at or near one of the moon's nodes, the earth's shadow must 
be at or near the other node, and may not have passed so far from 
the node as the lunar ecliptic limits, before the moon overtakes it. 

270. It has been observed already, that were the spectator on 
the moon instead of on the earth, he would see the earth eclipsed 
by the moon, and the calculation of the eclipse would be very 
similar to that of a lunar eclipse ; but to an observer on the earth 
the eclipse does not of course begin when the earth first enters 
the moon's shadow, and it is necessary to determine not only 

* Biot, Alt. Pbys. p. 401. 
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what portion of the earth's surface will be covered by the moon'* 
shadow, but likewise the path described by its center relative to 
vsrious places on the surface of the earth. This is knowa whea 
the latitude and longitude of the center of the shadow on the 
earth, is determined for each instant. The latitude and longi- 
tude of the moon' are found on the supposititm that the spoc^ 
tator views it from the center of the earth, whereas his posi- 
tion on the sur&ce changes, in consequence of parallax, both the 
latitude and longitude, and the amount of these changes must be 
accurately estimated, before the appearance of the eclipse at any 
particular place can be fully determined. 

7^he details of the method of calculating a solai eclipse cannot 
be understood in any way so well, as by actually performing the 
process according to a given example. Such details therefore are 
reserved for a subsequent part of this work. 



271. In totd eclipses of the sun, there has sometimes been ob> 
served a remarkable radiance of light from the ma^in of the sun. 
This has been ascribed to an illumination of the solar atmosphere, 
but it is with mote probability owing to the zodiacal tight (Art. 
152,) which at that time is projected around the sun, and which 
is of such dimensions as to extend far beyond the solar orb.* 

A total eclipse of the sun is one of the most sublime and im- 
pressive i^euomena of nature. Among barbarous nations it is ever 
contemplated with fear and astonishment, while among cultivated 
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as the period of total obacuiation approached, a gloom pervaded 
Ul nature. When the aun was wholly lost sight of, planets and 
man came into view ; a fearful pall hung upon the sky, unlike 
both to night and to twiUght ; and, the temperature of the air 
cqndly declining, a sudden chill came over the earth. Even the 
animal tribes exhibited tokens of fear and agitation. 

From 1831 to 1838 was a period remarkable for great eclipses 
of the sun, in which time there were no less than five of the most 
romarkable character. The next total eclipse of the sun, visible 
in the United States, will occur on the 7th of August, 1869. 



CHAPTER VIII. 



LONGITUDE — TIDES. 



272. As eclipses of the sun afford one of the most approved 
methods of finding the longitudes of places, our attention is nat- 
urally turned next towards that subject. 

The ancients studied astronomy in order that they might read 
their destinies in the stars : the modems, that they may securely 
navigate the ocean. A large portion of the refined labors of 
modem astronomy, has been directed towards perfecting the as- 
tronomical tables with the view of finding the longitude at sea, — 
an object manifestly worthy of the highest efforts of science, 
considering the vast amount of property and of human life in- 
volved in navigation. 

273. The difference of longitude between two places, may be 
found by any method by which we can ascertain the difference of 
their local tim£S, at the same instant of absolute time. 

As the earth turns on its axis from west to east, any place that 
lies eastward of another will come sooner under the sun, or will 
have the sun earlier on the meridian, and consequently, in respect 
to the hour of the. day, will be in advance of the other at the 



rate of one hour for e7ery 16°, or four minutes of time for each 
degree. Thus, to a place 16° east of Greenwich, it is 1 o'clock, 
P. M. when it is noon at Greenwich ; and to a |dace 16° west of 
that mendian, it is 11 o'clock, A. M. at the same instant. Hence, 
the difference of time at any two places, iodicatea theii diffeiMice 
of longitude. 

274 The easiest method of finding the longitude is by means 
of an accurate time fuece, or chronom^er. Let us set oat firan 
London with a chronometer accurately adjusted to Greenwich 
time, and travel eastward to a certain place, where the lime is 
accurately kept, or may be ascertained by observation. We find, 
for example, that it is 1 o'clock by our chronometer, when it is 
2 o'clock and 30 minutes at the place of observation. Hence, 
the longitude is 16x1.6=22}° E. Had we tmvelled westward 
until our chronometer was an hour and a half in advance of the 
time at the |dace of observation, (that is, so much later in the 
day,) our longitude would have been 22^° W. But it would not 
be necessary to repair to London in order to set our cbrooometec 
to Greenwich time. This might be done at any observatory, or 
any place whose longitude had been accurately determined. For 
example, the time at New York is 4h. 66m. 4*.6 behind that of 
Greenwich. If, therefore, we set our chronometer so much be- 
fore the true time at New York, it will indicate the time at Green- 
wich. Moreover, on arriving at different places, any where an 
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qoiredi espedBily where the instrument is conveyed over land, 
although the uncertainty attendant on one instrument may be 
nearly obviated by employing several and taking their mean 
results.* 

275. Eclipses of the sun and moon are sometimes used for de- 
terniining the longitude. The exact instant of immersion or of 
emersion, or any other definite moment of the eclipse which pre- 
sents itself to two distant observers, affords the means of com- 
paring their difference of time, and hence of determining their 
difference of longitude. Since the entrance of the moon into 
the earth's shadow, in a lunar eclipse, is seen at the same instant 
of absolute time at all places where the eclipse is visible, (Art. 
262,) this observation would be a very suitable one for finding 
the longitude were it not that, on account of the increasing dark- 
ness of the penumbra near the boundaries of the shadow, it is 
difficult to determine the precise instant when the moon enters 
the shadow. By taking observations on the immersions of known 
spots on the lunar disk, a mean result may be obtained which 
will give the longitude with tolerable accuracy. Iiv an eclipse of 
the sun, the instants of immersion and emersion maybe observed 
with greater accuracy, although, since these do not take place at 
the same instant of absolute time, the calculation of the longitude 
from observations on a solar eclipse are complicated and laborious. 

A method very similar to the foregoing, by observations on 
eclipses of Jupiter's satellites, and on occultations of stars, will 
be mentioned hereafter. 

276. The Lunar method of finding the longitude, at sea, is in 
many respects preferable to every other. It consists in measuring 
(with a sextant) the angular distance between the moon and the 
sun, or between the moon and a star, and then turning to the Nau- 
tical Almanac,! and finding what time it was at Greenwich when 

• Woodhouse, p. 838. 

f The J{autical Almanac, is a book published annually by the British Board of 
Longitude, containing various tables and astronomical information for the use of 
navigators. The American Almanac also contains a variety of astronomical infbr- 
mation, peculiarly interesting to the people of the United States, in connexion 
with a vast amount of statistical matter. It is well deserving a place in tlic library 
of the student. 
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that distance vas tbe same. T^e moon mores so rapndly, that 
this distance will not be the sarae except at very nearly the rame 
tDstant of absolute time. Far example, at 9 o'clock, A. M., at s 
certain place, ve find the angular distance of the moon and the 
sun to be 72° ; and, on looking into the Nautical Almanac, we 
find that at tbe time when this distance was the same for the 
meridian of Greenwich was 1 o'clock, P. U. ; hence we infa 
that the longitude of the place is four hours, or 60° we^ 

The Nautical Almanac contains the true angular distance of 
of the moon from the sun, from the four large planets, (Tenu^ 
Mais, Jupiter, and Saturn,) and from nine bright fixed stars, for 
the beginning of erery third hour of mean time for tbe meridian 
of Greenwich ; and tbe mean time corresponding to any inter- 
mediate hour, may be found by [Ht>portional parts.* 

277. It would be a very simple opemtion to determine the lon- 
gitude by Lunar Distances, if the process as described in the 
preceding article were all that is necessary ; bnt the various cit^ 
cumstances of parallax, refraction, and dip of the horizon, would 
differ more or less at the two places, even were the bodies whose 
distances were taken in view from both, which is not necessarily 
tbe case. The observations, therefore, at each meridian, reqnir« 
to be reduced to the center of the earth, being cleared of tbe 
effects of parallax and refraction. Hence, three observers are 
necessary in order to lake a Itinar distance in the most exact 
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hoursy or one minute of spsice in two minutes of time. There- 
fixe, if we make an error of one minute in observing the distance, 
we make an error of two minutes in time, or 30 miles of longi- 
tude at the equator. A single observation with the best sextants, 
may be liable to an error of more than half a minute ; but the 
accuracy of -the result may be much increased by a mean of 
several observations taken to the east and west of the moon. 
The imperfection of lunar tables was until recently considered as 
an objection to this method. Until within a few years, the best 
lonar tables were frequently erroneous to the amount of one min- 
ute, occasioning an error of 30 miles. The error of the best 

tables now in use will rarely exceed 7 or 8 seconds.^ 

» 

Times. 

279. The tides are an alternate rising and falling of the waters 
of the ocean, at regular intervals. They have a maximum and 
a minimum twice a day, twice a month, and twice a year. Of 
the daily tide, the maximum is called High tide^ and the mini- 
mum Ijow tide. The maximum for the month is called Spring 
tide, and the minimum Neap tide. The rising of the tide is 
called JF^lood and its falling Ebb tide. 

Sinmlar tides, whether high or low, occur on opposite sides of 
the earth at once. Thus at the same time it is high tide at any 
given place, it is also high tide on the inferior meridian, and the 
same is true of the low tides. 

The interval between two successive high tides is 12h. 25m. ; 
or, if the same tide be considered as returning to the meridian, 
after having gone around the globe, its return is about 50 minutes 
later than it occurred on the preceding day. In this respect, as 
well as in various others, it corresponds very nearly to the motions 
of the moon. 

The average height for the whole globe is about 2J feet ; or, 
if the earth were covered uniformly with a stratum of water, the 
difference between the two diameters of the oval would be 5 feet, 
or more exactly 5 feet and 8 inches ; but its natural height at 
various places is very various, sometimes rising to 60 or 70 feet. 



* Brinkley*8 ElemenU of Astronomy; p. 241. 
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and sometimes being scarcely perceptible. At the same ^aee also^ - 
the phenomena of the tides are very different at di^rent dmes. 
Inland lakes and seaa, even those of the largest class, as Lake 
Superior, or the Casjnan, hare no perceptiUe tide. 

280. 7%fes tsre caused by the vnequal attrwHon of the ttm 
and moon vpon different parts of the earth. 

Suppose the jvojectile force by which the earth is carried &ir' 
ward in her orbit, to be suspended, and the earth to &11 towanla 
one of these bodies, the moon, for example, in conseqaeoce of 
their mutual attractioti. Then, if all parts of the earth fell 
equally towards the moon, no derangemant of its different psrts 

'^ould result, any more than of the particles of a drop of water 
in its descent to the ground. But if one pert fell faster than an- 

' other, the different portions would evidently be separated from 
each other. Now this is precisely what takes ^aee with respect 
to the earth in its fall towards the moon. The portions of the 
earth in the hemisphere next to the moon, on account of being 
nearer to the center of attraction, fall faster than those in Uie op- 
posite hemisphere, and consequently leave them behind. The 
solid earth, on account of its cohesion, cannot obey this impulse, 
HUce all its different portions constitute one mass, which isacled 
on in the same maimer as though it were all collected in the cen- 
ter ; but the waters on the surface, moving freely under this im- 
pulse, endeavor to desert the solid mass aad foil towards the 
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that of the lemoter hemisphere. Now the force of attraction 
exerted by the moon, acta in the same manner as though the solid 
fliass were all concentrated in C, and the waters of each hemis- 
phere at A and B respectively ; and (the mooa being supposed 
above E) it is evident that A will tend to leave C, and C to leave 
B behind. The same mnst evidently be true of the respective 
portions of matter, of which these points are the centers of gravity. 
The waters of the globe will thus be reduced to an oval shape, 
being ekxigated in the direction of that meridian which is under 
the mbon, and flattened in the intermediate parts, and most of all 
at pcHnts ninety degrees distant from that meridian. 

Were it not, therefore, for impediments which prevent the force 
from producing its full effects, we might expect to see the great 
Ude wavej as the elevated crest is called, always directly beneath 
the moon, attending it regularly around the globe. But the in- 
ertia of the waters prevents their instantly obeying the moon's 
attraction, and the friction of the waters on the bottom of the 
ocean, still farther retards its progress. It is not therefore until 
several hours (differing at different places) after the moon has 
passed the meridian of a place, that it is high tide at that place. 

282. The 9un has a similar action to the moon, but only one 
third as great. On account of the great mass of the sun com- 
pared with that of the moon, we might suppose that his action 
in raising the tides would be greater than that of the moon ; but 
the nearness of the moon to the earth more than compensates for 
the sun's greater quantity of matter. Let us, however, form a 
just conception of the advantage which the moon derives from 
her proximity. It is not that her actual amount of attraction is 
thus rendered greater than that of the sun ; but it is that her 
attraction for the different parts of the earth is very unequal, 
while that of the sun is nearly uniform. It is the inequality of 
this action, and not the absolute force, that produces the tides. 
The diameter of the earth is j\ of the distance of the moon, 
while it is less than j^I^t c>f the distance of the sun. 

283. Having now learned the general cause of the tides, we 
will next attend to the explanation of particular phenomena. 
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The S^ng tides, or those vhich rise to an tmusnal height 
twice a month, are [vodticed by the sun and moon's acting to- 
gether ; and the Neap tides, or those which are unusoally low 
twice a month, aie [sodaced by the sui and moon's acting in 
t^ipoffltion to each other. The Spring tides occur at the syzigies: 
the Neap tides at the quadratures. At the time of new moon, the 
sun and moon both being on the same side of the earth, and . 
acting upon it in the aame line, their actions cnupire, and the 
sun may bo considered as adding so much to the foice of the 
moon. We hare already ez^dained how the moon conttibates to 
raise a tide on the opposite side of the earth. Bat the sun as well 
as the moon raises its own tide-wave, which, at new moon, ooin- 
cides with the lunar tideware. At full moon, also, the two 
luminaries conspire in the same way to raise the tide ; for wa 
must recollect that each body contribtites to raise the tide on tfaft 
opposite side of the earth as well as on the side nearest to it At 
both the conjunctions and oj^nsitions, therefore, that is, at the 
syzigies, we hare unusually high tides. But here also the maxi- 
mum effect is not at the moment of the syzigies, but S6 hours 
afterwards. 

At the quadratures, the solar wave is lowest when the lanar 
wave is highest ; hence the low tide produced by the sun is sub- 
tracted &om high water and produces the Neap tides. M(»eoTer, 
at the quadratures the solar ware is highest when the Innar ware 
is lowest, and hence is to be added to the height of low water at 
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28ff. The decikuUions of the sun and moon have a couside^^ 
influence on the height of die tide. When the moon for exam- 
ple, has no declination, or is in the equator, as in figure 67,* the 
location of the earth on its axis NS will make the two tides ex- 
actly equal on every part of the earth. Thus a place which is 
earned through the parallel TT' will have the height of one tide 
T2 and the other tide T^ The tides are in this case greatest 
fet the equator, and diminish gradually to the poles, where it will 
be low water during the whole day. When the moon is on the 
north side of the equator, as in figure 58, at her greatest northern 



Fig. 57. 



1^.58. 





declination^ a place describing the parallel TT' will have T^3 for 
the height of the tide when the moon is on the superior meridian, 
and T2 for the height when the moon is on the inferior meridian. 
Therefore, all places north of the equator will have the highest 
tide when the moon is above the horizon, and the lowest when 
she is below it ; the difference of the tides diminishing towards 
the equator, where they are equal. In like manner, places south 
of the equator have the highest tides when the moon is below 
the horizon, and the lowest when she is above it. When the 
moon is at her greatest declination, the highest tides will take 
place towards the tropics. The circumstances are all reversed 
when the moon is south of the equator.f 



* Diagramf like jthese jue apt to mjalead the learner, by exhibiting the protu- 
berance occasioned by the tides ai much greater than the reality. We must re- 
collect that it amounts, at the highest, to only a very few feet in eight thousand 
mile*. Were the diagram, therefore, drawn in just proportions, the alterations 
of figure produced by the tides would be wholly insensible. 

t Edinb. Encyc. Art. Attronomy^ p. 683. 
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286. The motioo of the tide-wave, it should be remarked, ia 
not a jmgresMve motioD, but a mere undulation, and is to be 
caieMly distingui^ed &om the currents to which it gives hie. 
If the ocean ctunpletely covered the earth, the sun and moon 
beii^ in the equator, the tide-wave would travel at the same rats 
as the earth on its ads. Indeed, the correct way of conceiving 
of the tide-wave, is to consider the moon at rest, and the earth 
in its rotation from west to east as bringing successive poitions of 
water under the Dkoon, which portions being elevated successively 
at the same rate as the earth revolves on its axis, have a relative 
motion westward in the same degree. 

287. The tides of rivers, narrow bays, attd shora far from 
the main body of the ocean, are not produced in those places by 
the direct action of the sun and moon, but are subordinate waves 
propagated from the great tide-wave. 

Lines drawn through all the adjacent parts of any tract of water, 
which have high water at the same time, are called eotidal tines.* 
We may, for instance, draw a line through all pLacea in the At- 
lantic Ocean which have high tide in a given day at 1 o'clock, 
and another through all places which have high tide at 2 o'clock. 
The eotidal line for any hour may be considered as representing 
the summit or ridge of the tide-ware at that time ; and could 
the spectator, detached fiom the earth, perceive the summit of 
the wave, he would see it travelling round the earth in the opot 
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low {daces, and the eotidal lines will (e inegular. The direction 
slso of the deriyaliire tide, may be totally different firom that of 
the primitive. Thus, (Pig. 69, ) Fig. 59. 

if the great tide-wave, moving 
from east to west, be represented 
by the lines 1, 2, 3, 4, the de- 
rivative tide which is propagated 
up a river or bay, will be repre- 
sented by the eotidal lines 3, 4, 
6, 6, 7. Advancing faster in the 
channel than next the banks, 
the tides will lag behind to- 
wards the shores, and the eotidal . 
lines will take the form of curves 
as represented in the diagram. 

289. On account of the retarding influence of shoals, and an 
uneven, indented coast, the tide-wave travels more slowly along 
the shores of an island than in the neighboring sea, assuming 
convex figures at a little distance from the island and on opposite 
sides of it. These convex lines sometimes meet and become 
blended in such a manner as to create singular anomalies in a sea 
much broken by islands, as well as on coasts indented with nu- 
merous bays and rivers.* Peculiar phenomena are also produced, 
when the tide flows in at opposite extremities of a reef or island, 
as into the two opposite ends of Long Island Sound. In certain 
cases a tide-wave is forced into a narrow arm of the sea, and 
produces very remarkable tides. The tides of the Bay of Fundy 
(the highest in the world) sometimes rise to the height of 60 or 
70 feet ; and the tides of the river Severn, near Bristol in Eng- 
land, rise to the height of 40 feet. 

290. The Unit of AUilude of any place, is the height of the 
maximum tide after the syisigies, (Art. 283,) being usually about 
36 hours after the new or full moon. But as the amount of this 
tide would be aflected by the distance of the sun and moon from 



* Sco an excellent representation and deecription of tho»o different phenomena 
by Professor Whewell, Phil. Trans. 1833, p. 153. 
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the earth, (Ad. 284,) and by their declinatiMia, (Art. 286,) tbeae 
distancfls aie taken at their mean value, and the lominuies ire 
sappoaed to be in the eqoatoi ; the obserrationfl being ao reduced 
as to ct»ifiNm to these ciictuoBtances. 1%e unit of altitode can 
be aacertained by obaerratioD only. The actual liae of the tide 
depends moch on the atreogth and directiai of the wind. When 
high vinds conniie with a high flood tide, aa is frequently the 
case near th^lqiiinoxes, the tide often rises to a very nnpsnii 
height. We aubjoin from Ae American Almanac a few exam- 
ines of the tmit <^ altitude for different places. 



Combeiland, head c£ the Bay of Fimdy, 71 

Boston, • lU 

Mew Haven, .... 8 

New York, .... 6 

Cbaiieston, S. C, . 6 



291. The EstabSahment of any port is the mean interval be- 
tween noon and the time of high water, on the day of new or 
full moon.. As the interval for any given place is always nearly 
tiie same, it becomes a criterion of the retaidatioa cf the tides at 
that place. On account of the importance to navigattcm of a cor- 
rect knowledge of lbs tides, the British Board of Admiralty, at 
the suggestion of the Royal Society, recently issued orders to 
their agents in various important naval stations, to have accurate 
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293. The largest lakes and inland seas have no perceptible 
tides. This is asserted by all writers respecting the Caspian and 
Eoxine, and the same is found to be true of the largest of the 
North American lakes, Lake Superior.^ 

Although these several tracts of water appear large when taken 
by themselves, yet they occupy but small portions of the surface 
of the globe, as will appear evident from the delineation of them 
on an artificial globe. Now we must recollect that the primitive 
tides are produced by the unequal action of the sun and moon 
upon the different parts of the earth j and that it is only at points 
whose distance from each other bears a considerable ratio to the 
whole distance of the sun or the moon, that the inequality of ac- 
tion becomes manifest. The space required is larger than either 
of these tracts of water. It is obvious also that they have no 
opportunity to be subject to a derivative tide. 

294 To apply the theory of universal gravitation to all the 
varying circumstances ^at influence the tides, becomes a matter 
of such intricacy, that La Place pronounces " the problem of the 
tides" the most difficult problem of celestial mechanics. 

295. The Atmosphere that envelops the earth, must evidently 
be subject to the action of the same forces as the covering of 
waters, and hence we might expect a rise and fall of the barome- 
ter, indicating an atmospheric tide corresponding to the tide of the 
ocean. La Place has calculated the amount of this aerial tide. 
It is too inconsiderable to be detected by changes in the barome- 
ter, unless by the most refined observations. Hence it is conclu- 
ded, that the fluctuations produced by this cause are too slight to 
affect meteorological phenomena in any appreciable degree.f 



* See Exporiments of Gov. Can, Am. Jour. Science. 
» Bowditch's La Place, II, 797. 
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CHAPTER IX. 



OF THE PLANETE THE DVEHIOR PLANETS, HSBCDBT AND mniS, 



296. Tee name planet signifies a ymndertr,* and is tqiplied to 
this class of bodies because they shift their positions in the heaTi 
ens, whereas the fixed stars constantly maintain the same placet 
with respect to each other. The jdanets known from a high fot* 
tiquity, are Mercury, Tenus, Garth, Mars, Jupiter, and Satnm. 
To these, in 1781, was added Uranu8,t (or Berschel, as it is some- 
times called from the name of its discoverer,) and, as late ai tbe 
commencement of the present century, fiiur more were added, 
namely, Ceres, Pallas, Juno, and VestiL These bodies are desig- 
nated by the following characters : 

1. Mercury 8 7. Caias ? 



2. Venus 


» 


a FlDa 


3. Earth 


© 


9. Jupiter 


4. Mars 


« 


10. Saturn 


6. Vesta 


i 


11. Uianna 


6. Juno 


S 





The foregoing are called the primary planets. Several of these 
have one or more attendants, or satellites, which revdve around 

revolve aronnrl ih^ sun. The earth has one satel- 
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tnosi of the other idanets pursue very nearly the same path with 
the earth, in their annual revolution around the sun. The new 
phnetSi however, make wider excursions from the plane of the 
ecUpCiCi amounting, in the case of P^dlas, to 34}^. 

898. Mercury and Yenus are called inferior planets, because 
they have their orbits nearer to the sun than that of the earth ; 
iddle all the others, being more distant from the sun than the 
earth, are called superior planets. The planets present great di- 
lenities among themselves in respect to distance from the sun, 
nagnitude, time of revolution, and density. They differ also in 
v^iard to satellites, of which, as we have seen, three have respec- 
tively four, six, and seven, while more than half have none at 
alL It will aid the memory, and render our view of the plane- 
tary s]rstem more clear and comprehensive, if we classify, as far 
-as possible, the various particulars comprehended under the fore- 
going heads. 
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1. jyiercury, 

2. Venus, 

3. Earth, 
4 Mars, 
6. Yesta, 

6. Juno, 

7. Ceres, 

8. PaUas, 

9. Jupiter, 

10. Saturn, 

11. Uranus, 



37,000,000 

68,000,000 

96,000,000 

142,000,000 

225,000,000 

261,000,000 

485,000,000 
890,000,000 



0.3870981 
0.7233316 
1.0000000 
1.6236923 
2.3678700 
2.6690090 
2.7672460 
2.7728860 
6.2027760 
9.6387861 
19.1823900 



1800,000,000 

The dimensions of the planetary system are seen from this 
table to be vast, comprehending a circular space thirty six hundred 
millions of miles in iametor. A railway car, travelling constantly 



* The distance in mileS| aa ezprened in the fint columni in round numbora, ia 
to be treaanred up in the memory , while the fecond column expresses the relative 
distances, that- of the earth being l, from which a more exact determination may 
be made, when required, the eirth'a diitanee being taken at 94,885,491. (Baily.) 
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at the mte of 20 miles an hour, would require iiu»e than ^,000 
years to cross the orbit of Uranus. 

It may aid the memory to remark, that in regard to the planets 
nearest the sun, the distances increase in an arithmetical ratio, 
while those most remote iocreaae in a geometrical ratio. Thus, 
if we add 30 to the distance of Mercury, it gives ns nearly that 
of Tenus ; 30 more gires that of the Earth ; while Saturn is 
nearly twice the distance of Ju^Hter, and Uramis twice the dis- 
tance of Saturn. Between the orhits of Mars and Jupiter, a great 
chasm appeared, which broke the continuity of the series ; but 
the discovery of the new planets has filled the void. A more 
exact law of the series was discovered a few years since by Mr. 
Bode of Berlin. It is as follows : if we represent the distance o£ 
Mercury by 4, and increase each term by die [Koduct of 3 into a 
certain power of 2, we shall obtain the di^ancea of each (tf tba 
planets in succession. Thus, 

Mercury, ... 4 =4 

Venus, . 4+3.2» « 7 

Earth, . . . 4+3.2' = 10 

Mars, . 4+3.2» = 16 

Ceres, . . 4+3.2* «= ^ 

Jupiter, . 4+3.2* » 62 

Saturn, 4+3.2* =100 

Uranus, 4+3.2* =196 



For example, by this law, the distances of the Earth and Japtter 
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tc 


TIMES. 






300. HAGinTDItES. 








Diim. in HUM. 


Hmh appannt Diam. Voluo 


Mercury, 


3140 




6".9 


1 

TT 


Venus, . 


7700 




16".9 


9 

TV 


Earth, . 


7912 , 






1 


Mars, 


4200 




6".3 


1 

T 


Ceres, 


160 




0".6 




JuiHter, . 


. 89000 




36".7 


1281 


Saturn, . 


. 79000 




16".2 


996 


Uranus, . 


. 35000 




4".0 


80 
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We remark here a great diversity in regard to magnitude, a 
dhreraity which does not appear to be subject to any definite 
law. While Tenus, an inferior planet, is -j^^ as large as the earth. 
Mars, a superior planet is only \j while Jupiter is 1281 times as 
large. Although several of the planets, when nearest to us, ap- 
pear brilliant and large when compared with the fixed stars, yet 
the angle which they siibtend is very small, that of Yenus, the 
greatest of all, never exceeding about 1^, or more exactly 61^^2, 
and that of Jupiter being when greatest only about | of a minute. 

The distance of one of the near planets, as Tonus or Mars, may 
be determined from its parallax ,- and the distance being known, 
its real diameter can be estimated from its apparent diameter, in 
the same manner as we estimate the diameter of the sun. (Art. 
145.) 

301. PERIODIC TIMES. 





ReTotatlon in tU orbIL 


Mean dally motion. 


Mercury, 


3 months, 


or 


88 days, 4° 6' 32".6 


Venus, 


n " 




224 ' 


' 10 36' 7".8 


Earth, 


1 year, 




366 ' 


' 0O69' 8".3 


Mars, 


2 « 




687 ' 


' 0° 31' 26".7 


Ceres, 


4 " 




1681 ' 


' 0° 12' 60". 9 


Jupiter, 


12 " 




4332 ' 


' 0° 4'69".3 


Saturn, 


29 « 




10759 ' 


' 0° 2' 0".6 


Uranus, 


84 « 




30686 ' 


' 0° 0'42".4 



From this view, it appears that the planets nearest the sun 
move most rapidly. Thus Mercury performs nearly 360 revolu- 
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tions while Uranus performs one. This is evidently not owii^ 
merely to the greater dituensions of the orbit of Uranus, for the 
length of its orbit is not 50 times that of the orbit of Mercury, 
while the time employed in describing it is 350 times that of 
Mercury. Indeed this ought to follow fiom Kepler's law that 
the squares of the periodical tunes are as the cubes of the dis- 
tances, from which it is manifest that the times of resolution 
increase faster than the dimensions of the orbit Accordingly, 
the apparent progress of the most distant planets is exceedingly 
slow, the daily rate of Uranus being only 42".4 per day ; so that 
for weeks and months, and even years, this planet but slightly 
changes its place among the stars. 

TUB INTEHlOa PLANXTB, HERCUBT AKD TEITUS. 

302. The inferior planets, Mercury and Venus, having their or- 
bits so far within that of the earth, appear to us as attendants upon 
the sun. Mercury never appears farther from the stm than 29° 
(28'^ 48') and seldom so fai ; and Tenus never more than about 
47° (47° 12'). Both planets, therefore, appear either in the west 
soon after sunset, or in the east a little before sunrise. In high 
latitudes, where the twilight is prolonged. Mercury can sddom . 
be seen with the naked eye, and then only at the periods of its 
greatest elougation.* The reason of this will readily qipear 
from the following diagram. 

Let S (Fig. 60,) represent the stm, ADB the orbit of Mercury 




tNTERIOB PLAlfKTS, HSaCtSBS AITD TENDS. 
Fig. 60. 




conjunctions, the inferior, and the superior. The tn^nor con- 
junction is its position when in conjnnction on the same side of 
the Bun with the earth, as at C in the %ure : the sapenor eon- 
junction is its position when on the side of the sun most distant 
from the earth, as at D. 

304. The period occupied by a planet between two successiTe 
conjunctions with the earth, is called its synodieal Tevolution. 
Both the planet and the earth being in motion, the time of the 
synodieal revolution exceeds that of the sidereal revolution of 
Mercury or Tenus ; for when the planet comes round to the place 
where it before overtook the earth, it does not find the earth at 
that point, but far in advance of it. Thus, let Mercury come 
into inferior conjunction with the earth at C, (Fig. 60.) In about 
88 days, the planet will come round to the same point ^ain ; 
but meanwhile the earth has moved forward through the arc EE', 
and will continue to move while the planet is moving more rap- 
idly to overtake her, the case beii^ analc^ous to that of the 
hour and second hand of a clock. 

Having the sidereal period of a planet, (which may always be 
accurately determined by observation,} we may ascertain its sy- 
nodieal period as follows. Let T denote the sidereal period of 
the earth, and T' that of the planet. Since, in the time T the 
/ 
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earth describes a complete revolution, T ; T*: :1 : sf = the part 

of the circumference described by the earth in the time IV. But 

during the same time the planet describes a whole circumference. 

T' 
Therefore, 1— ^r is what the planet gains on the earth in me 

revolution. In order to a new conjunction the {danet must gain 
an entire circumference ; therefore, denoting the synodical period 
by 8, the gain in one revolution will be to the time in whidl it 
is acquired, as a whole circumference is to the time in which that 
is gained, which is the synodical period. That is, 
T' TT* 

From this formula we may find the synodical period of Mer> 
cury or Tonus by substituting the numb^is denoted by the lettan. 



Thus, 



365.266 X87.%9 



'115.877, which is the synodical period 



277.287 
of Mercury. 

By a similar computiuion, the synodical lendntiMi of Tanus 
will be found to be about 584 days. 



305. 7%e motion of an inferior planet is diroci in pasting 
through its superior amjuneiion, and retrograde in pasatng 
through its inferior conjunction. Thus Tenns, while going fiom 
B through D to A, (Fig. 60,) moves in the order of the signs, or 




IKTERIOR PLANETS ^MERCUIIT AND VENUS. 177 

at A' but at A'', being accelerated by the arc A'A^' in consequence 
of the earth's motion. On the other hand, when the planet is 
passing through its inferior conjunction ACB, it appears to move 
backwards in the heavens from A^ to B^ if the earth is at rest, 
but from A' to B^^ if the earth has in the mean time moved from 
E to E', being retarded by the arc B'B''. Although the motions 
of the earth have the effect to accelerate the planet in the superior 
conjunction, and to retard it in the inferior, yet, on account of the 
greater distance, the apparent motion of the planet is much slower 
in the superior than in the inferior conjtmction. 

306. When passing from the superior to the inferior conjunO' 
fibn, or from the inferior to the superior conjunction, through the 
greatest elongations, the inferior planets are stationary. 

If the earth were at rest, the stationary points would be at the 
greatest elongations as at A and B, for then the planet would be 
moving directly towards or from the earth, and would be seen for 
some time in the same place in the heavens ; but the earth itself 
is moving nearly at right angles to the line of the planet's motion, 
that is, the line which is drawn from the earth to the planet 
through the point of greatest elongation ; hence a direct motion 
is given to the planet by this cause. When the planet, however, 
has passed this line, by its superior velocity it soon overcomes this 
tendency of the earth to give it a relative motion eastward, and 
becomes retrograde as it approaches the inferior conjunction. Its 
stationary point obviously lies between its place of greatest elon- 
gation,, and the place where its motion becomes retrograde. Mer- 
cury is stationary at an elongation of from 15^ to 20° from the 
sun ; and Venus at about 29°.* 

307. Mercury and Venus exhibit to the telescope phases similar 
to those of the moon. 

When on the side of their inferior conjunctions, these planets 
appear horned, like the moon in her first and last quarters ; and 
when on the side of their superior conjunctions they appear gib- 
bous. At the moment of superior conjunction, the whole en- 
lightened orb of the planet is turned towards the earth, and the 

* Henchel, p. 249.— Woodhouie, 557. 

23 
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appearance would be that of the full moon, but the planet is too 
Dear the stin to be commonly visible. 

These diOercnt phases show that these bodies are opake, and 
shine only as they reflect to us the light of the sun ; and the 
same remark applies to all the planets. 

308. The distance of an inferior planet from the sun, may be 
fmmd bjf observations at the time of its greatest elongation. 

Thus if E be the place of the earth, and B that of Venus at the 
time of her greatest elongation, the angle SBE will be known, 
being a right angle. Also the angle SEB is known from obser- 
vation. Hence the ratio of SB to SE becomes known ; or, «nce 
SE is given, being the distance of the earth from the sun, SB 
the radius of the orbit of the planet is determined. If the orbits 
were both circles, this method would be very exact ; but being 
elliptical, we obtain the mean value of the radius SB by obseir- 
ing its greatest elongation in different parts of its orbit.* 

309. The orbit of Mercury is the most eccentric, and the most 
inclined of all the planets ,-\ while that of Venus varies hut little 
from a circle, and lies much nearer to the ecliptic 

The eccentricity of the orbit of Mercury is oeariy J its aemi- 
major axis, while that of Venus is only t|, ; the inclination of 
Mercury's orbit ie 7°, while that of Venus is less than 3i% Mer- 
cury, on account of his different distances from the earth, varies 
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311. An inferior planet is brightest at a certain point between 
its greatest dongation and inferior conjunction. 

Its maximum brilliancy would happen at the inferior conjunc- 
tion, (being then nearest to us,) if it shined by its own light ; 
bat in that position, its dark side is turned towards us. Still, its 
TnaYimiim cannot be when most of the illuminated side is to- 
wards us ; for then, being at the superior conjunction, it is at its 
greatest distance from us. The maximum must therefore be 
somewhere between the two. Yenus gives her greatest light 
when about 4(P from the sun. 

312. Mercury and Venus both revolve on their axes, in nearly 
the same time with the earth. 

The diurnal period of Mercury is 24h. 6m. 28s., and that of 
Yenus 23h. 21m. 7s. The revolutions on their axes have been 
determined by means of some spot or mark seen by the telescope, 
as the revolution of the sun on his axis is ascertained by means 
of his spots. 

313. Yenus is regarded as the most beautiful of the planets, 
and is well known as the mining and evening star. The most 
ancient nations did not indeed recognize the evening and morn- 
ing star as one and the same body, but supposed they were dif- 
ferent planets, and accordingly gave them different names, calling 
the morning star Lucifer, and the evening star Hes{)erus. At her 
period of greatest splendor, Yenus casts a shadow, and is some- 
times visible in broad daylight. Her light is then estimated as 
equal to that of twenty stars of the first magnitude.* At her 
period of greatest elongation, Yenus is visible from three to four 
hours after the setting or before the rising of the sun. 

314. Every eight years, Venus forms her conjunctions with the 
sun in the same part of the heavens. 

For, since the synodical period of Venus is 584 days, and her 
sidereal period 224.7, 

22 L7 : 360^: : 684 : 936.6= the arc of longitude described by 
Yenus between the first and second conjunctions. Deducting 

• FrancoDur, Uranographyi p. 125. 
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720°, or two entire circumferences, the remainder, 215°.6, shows 
how far the place of the second conjunction is in advance of the 
first. Hence, in fire synodical revolutions, or 2920 days, the 
same point must have advanced 2l5°.6x6=1078°, which is 
nearly three entire circumferences, so that at the end of five sy- 
nodical revolutions, occupying 3920 days, or 8 years, the cODJuno- 
tion of Tenus takes place nearly in the saine place in the heavana 
as at first. 

Whatever appearances of this planet, therefore, arise fiom its 
positions with respect to the earth and the sun, they are repeated 
every eight years in nearly the same form. 

TBiNsrrs or the infebiob planets. 

315. The Transit of Mercury or Venus, is its pcasaffe aerosM 
tJie sun^s disk', as the moon passes over it in a solar eeUpse. 

As a transit takes place only when the planet is in inferior 
conjunction, at which time her motion is retrograde (Art. 305,) 
it is always from left to right, and the planet is seen jmijected on 
the solar disk in a black round spot. Were the orbits of the in- 
ferior planets coincident with the jJane of the earth's orbit a 
transit would occur to some port of the earth at every inferior 
conjunction. But the orbit of Tenus makes an angle of 3}° 
with the ecliptic, and Mercury an angle of 7° ,* and, moreover, 
the apparent diameter of each of these bodies is very small, both 
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TxT' 
period (Art. 304,) is S= m_rp /i where S denotes the period, T 

the sidereal revolution of the earth, and T^ that of the planet. 
If we now represent by m the number of synodical revolutions 
of the earth in the required period, and by n the number of revo- 
lutions of the i^anet in the same time, then, since the number of 
revolutions in each case is inversely as the time of one, we have, 

• T — T *'^ • m.MnT= rn_nri ••". --= rp_m/ But fw IS the 
number of revolutions which the earth must perform in order 
that the two bodies, after having once met at the planet's nodes, 
may meet again at the same place. In the case of Mercury, 

whose sidereal period is 87.969 days, while that of the earth is 

m 87969 
366.266 days, ""= 077007 5 ^^^ is, after the earth has revolved 

87969 times, (or after this number of years,) Mercury will have 
revolved just 277287, and the two bodies will be together again 
at the place where they started. But as periods of such enormous 
length do not fall within the observation of man, let us search for 
fsmaller nimibers having nearly the same ratio. Now, 

87969 : 365256 : • 1 : 4j (nearly.) 

This shows that in one year Mercury will have made 4 revo- 
lutions and i of another ; so that, when the sun returns to the 
same node. Mercury will be more than 60^ in advance of it ,• con- 
sequently, no transit can take place after an interval of one year. 
But, by making trial of 2, 3, 4, &,c, years, we shall find a nearer 
approximation at the end of 6 years ; for, 

87969 : 365266: :6 : 25- t'^. In 6 years, therefore, Mercury 
will fall short of reaching the node by only j\ of a revolution, 
or about 33^. In 13 years the chance of meeting will be much 
greater, for in this period the earth will have made 13 and Mer- 
cury 64 revolutions. The numbers 33 and 137, 46 and 191, 
aflford a still nearer approximation.* 

317. In a similar manner, transits of Venus are probable after 
8, 227, 235,'and 243 years. Since Venus returns to her conjunc- 
tion at nearly the same point of her orbit, after 8 years, (Art. 314,) 

* This tcricft may readily bo obtained by tlio method of Continued Fractions. 
See Daviet'a Bourdon's Algebra. 
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it frequently happens tliat a transit takes place after an intetral 
of 8 years. But at that time Venus is so far from her node, that 
her latitude amounts to from SO* to 24'. Still she may possibly 
come within the sun's disk as she passes by him ; for suppose at 
the preceding transit her latitude was W on one side of the node 
and is now IC on the other side, this being less than the sun's 
semi-diameter, a transit may occur 8 years after another. Thus 
transits of Yenus took place in 1761 and 1769. But in 16 years 
the latitude changes from 40 to 48', and Venus could not reach 
any part of the solar disk in her inferior conjunction. 

From the above series we should infer that another transit 
could not take place under 227 years ; but since there are two 
nodes, the chance is doubled, so that a transit may occur at the 
other node in half that interval, or in about 113 years. If, at the 
occurrence of the first transit, Venus had passed her node, the 
next transit at the other node will happen 8 years before the 11^ 
are completed ; or if she had not reached the node, it will happen 
8 years later. Hence, after two transits have occiured within 8 
years, another cannot be expected before 105, 113, or 121 years. 
Thus, the next transit will happen in 1874=1769+105 ; also in 
1782=1874+8. 

318. The great interest attached by astronomers to a transit of 
Venus, arises from its furnishing the most accurate means in oui 
power of determining the svn's Iwrizontal paraUax, — an element 
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319. If the sun and Venus were equally distant from us, they 
would be equally affected by parallax as viewed by spectators in 
different parts of the earth, and hence their relative situation 
would not be altered by it ; but since Venus, at the inferior con- 
junction, is only about one third as far off as the sun, her parallax 
is proportionally greater, and therefore spectators at distant points 
will see Venus projected on different parts of the solar disk, and 
as the planet traverses the disk, she will appear to describe chords 
of different lengths, by means of which the duration of the tran- 
sit may be estimated at different pl^es. The difference in the 
duration of the transit does not amount to many minutes ,* but to 
make it as large as possible very distant places are selected for 
observation. Thus in the transit of 1769, among the places se- 
lected, two of the most favorable were Wardhuz in Lajdand, and 
Oteheite, one of the South Sea Islands. 

The principle on which the sun's horizontal parallax is esti- 
mated from the transit of Venus, may be illustrated as follows : 
Let E (Fig. 61,) be the earth, V Venus, and S the sun. Suppose 
A, B, two spectators at opposite extremities of that diameter of 
the earth which is perpendicular to the ecliptic. The spectator 
at A will see Venus on the sun's disk at a, and the spectator at 

Fig. 61. 

B 




B will see Venus at b ; and since AV and BV may be considered 
as equal to each other, as also V6 and Va, therefore the triangles 
AVB and Tab are similar to each other, and AV : Va: :AB : ab. 
But the ratio of AV to Va is known, (Art. 308) ; hence, the ratio 
of AB to ab is known, and when the angular value of ab as seen 
from the earth, is found, that of AB becomes known, as seen from 
the sun ;* and half AB, or the semi-diameter of the earth as seen 

* Iff for example, ab is 2^ times AD, (which in nearly the fact,) then if AB 
were on the sun instead of on the earth, it would subtend an angle at the ejc 

o<ina1 to ^-T-p of ab. But if viewed from the sun, the distance being the same, its 

apparent diameter must bo the some. 
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from the sun, is the sun's horizontal parallax. To find the J^Jpa- 
rent diameter of ab, we have only to find the breadth of the 
space between the two chords. Now, we can ascertain the 
value of each chord by the time occupied in describing it, 
since the motions of Venus and those of the smi are accurately 
known from the tables. Each chord being double the sine <rf 
half the arc cut off by it, therefore the sine of half the arc and <rf 
course the versed sine becomes known, and the difference of the 
two versed sines is the breadth of the zone in question. Then 
are many circumstances to be taken into the account in estima- 
ting, from observations of this kind, the sun's horizontal parallax; 
but the foregoing explanation may be sufficient to give the learner 
an idea of the general principles of this method. The appear- 
ance of Venus on the sun's disk, being that of a well defined 
black spot, and the exactness with which the moment of external 
or internal contact may be determined, are circumstances favora- 
ble to the exactness of the residt ; and astronomers repose so 
much confidence in the estimation of the sun's horizontal parallax 
as derived from the observations on the transit of 1769, that this 
important element is thought to be ascertained within t't of a se- 
cond. The general result of all these observations give the sun's 
horizontal parallax 8. "6, or more exactly, 8. "5776.* 

320. During the transits of Venus over the sun's disk in 1761 
and 1769, a sort of penumbral light was observed around the 
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mosphere. Similar proofs of the existence of an atmosphere 
around this planet, are derived from appearances of twilight. 

The elder astronomers imagined they had discovered a satellite 
accompanying Venus in her transit. If Yenus had in reality any 
satellite, the fact would be obvious at her transits, as the satel- 
.lite would be projected near the primary on the sun's disk ; but 
later astronomers have searched in vain for any appearances of 
the kind, and the inference is that former astronomers were de- 
ceived by some optical illusion. 

Astronomers have detected very high mountains on Yenus, 
sometimes reaching to the elevation of 22 miles ; and it is re- 
markable that the highest mountains in Yenus, in Mercury, in 
the moon, and in the earth, are always in the southern hemi- 
8{Aere. 



CHAPTER X. 

or THE SUPERIOR PLANETS ^MARS, JUPITER, SATURN, AND URANUS. 

321. The Superior planets are distinguished from the Inferior, 
by being seen at all distances from the sun from 0^ to 18(P. 
Having their orbits exterior to that of the earth, they of course 
never come between us and the sun, that is, they never have any 
inferior conjunction like Mercury and Yenus, but they are some- 
times seen in superior conjunction, and sometimes in opposition. 
Nor do they, like the inferior planets, exhibit to the telescope dif- 
ferent phases, but, with a single exception, they always present 
the side that is turned towards the earth fully enlightened. This 
is owing to their great distance from the earth ; for were the spec- 
tator to stand uix)n the sun he would of course always have the 
illuminated side of each of the planets turned towards him ; but, 
so distant are all the superior planets except Mars, that they are 
viewed by us very nearly in the same manner as they would be 
if wc actually stood on the sun. 

24 
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322. Mabs IB a small planet, his diameter being only atxrat half 
Uiat of the earth, or 4100 miles. He also, at times, comes nearer to 
the earth than any other [^net except Tenus. His mean distance 
from the sua is 142,000,000 miles ; but his orbit is so eccentric 
that his distance varies much in different parts of his leTolution. 
Mars is always very near the ecliptic, never varying from it 
2°. He is distinguished from all the planets by his deep red 
color, and fiery aspect ; but his brightness and apparent magnir 
tnde vary much at different times, being sometimes nearer to us 
than at others, by the whole diameter of the earth's orbit, that is, 
by about 190,000,000 of miles. When Mars is on the same ude 
of the sun with the earth, or at his opposition, he comes within 
47,000,000 miles of the earth, and rising about the time the sun 
sets surprises us by his magnitude' and splendor ; but when he 
passes to the other side of the sun to his superior conjunction, he 
dwindles to the appearance of a small star, being then 237,000,000 
miles from us. Thus, let M (Fig. 62,) represent Mars in opposi- 
tion, and M' in the superior conjunction. It is obvious that in 
the former situation, the planet must be nearer to the earth than 
in the latter by the whole diameter of the earth's orbit. 

Fig. 62. 
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tion is turned towards the earth, such a portion of the remoter 
part of it being concealed from our view as to render the form 
more or less gibbous. 

324. When viewed with a powerful telescope, the surface of 
liars appears diversified with numerous varieties of light and 
shade. The region around the poles is marked by white spots, 
which vary their appearance with the changes of seasons in the 
planet. Hence Dr. Herschel conjectured that they were owing 
to ice and snow, which alternately accumulates and melts, accord- 
ing to the position of each pole with respect to the sun.* It has 
been common to ascribe the riiddy light of this planet to an ex* 
tensive and dense atmosphere, which was said to be distinctly 
indicated, by the gradual diminution of light observed in a star 
as it approached very near to the planet in undergoing an occulta* 
tion ; but more recent observations afford no such evidence of an 
Btmosphere.f 

By observations on the spots we ledm that Mars revolves on 
bis axis in very nearly the same time with the earth, (24h. 39m. 
21 ".3) ; aiid that the inclination of his axis to that of the ecliptic 
is also nearly the same, being 30^ 18' l(y^8. 

325. As the diurnal rotation of Mars is nearly the same as that 
of the earth, we might expect a similar fattening at the poles, 
giving to the planet a spheroidal figure. Indeed the compression 
or ellipticity of Mars greatly exceeds that of the earth, being no 
less than tV ^^ ^^^ equatorial diameter, while that of the earth is 
only ji^f (Art. 138.) This remarkable flattening of the poles of 
Mars has been supposed to arise from a great variation of density 
in the planet in different parts.^ 

326. Jupiter is distinguished from all the other planets by his 
vast magnitude. His diameter is 86,000 miles, and his volume 
1280 times that of the earth. His figure is strikingly spheroidal, 
the equatorial being larger than the polar diameter in the proportion 
of 107 to 100. (See Frontispiece, Fig. 4) Such a figure might 

* Phil. Trans. 1784. t Sir James South, Phil. Trans. 1833. 

X Ed. Encyc. Art. Astranamif, 



188 THE PLANETS. 

naturally be expected from the rapidity of his diurnal rotation, 
vhich is accomplished in about 10 hours. A place oa the equator 
of Jupiter must turn 27 times as fast as on the terrestrial eqo^or. 
The distance of Jupiter from the sun is nearly 490,000,000 miles, 
and his revolution around the sun occupies nearly 12 years. 

327. The view of Jupiter through a good telescope, is «ie of the 
most magnificent and interesting spectacles in astronomy. The 
disk expands into a large and bright orb hke the full moon ; the 
spheroidal figure which theory assigns to revolving spheres, is here 
palpably exhibited to the eye ; across the disk, arranged in paral- 
lel stripes, are discerned several dusky bands, called belts; and 
four bright satellites, always in attendance, but ever varying their 
positions, compose a splendid retiime. Indeed, astronomers gaze 
with peculiar interest on Jupiter and his moons as affording a 
miniature representation of the whole solar system, repeating on 
a smaller scale, the same revolutions, and exemplifying, in a man- 
uer more within the compass of our observation, the same laws as 
regulate the entire assemblage of sun and planets. (See F^. 63.) 

328. The Bells of Jupiter, are variable in their number and 
dimensions. With the smaller telescopes, only one or two are 
seen across the equatorial regions ; but with more powerful in- 
struments, the number is increased, covering a great part of the 
whole disk. Different opinions have been entertained by astron- 
omers respecting the cause of the belts ; but they have generally 
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us to discern them. Indeed one or two of them have been occa- 
aonally seen with the naked eye. In the largest telescopes, they 
severally appear as bright as Sirius. With such an instrument 
the view of Jupiter with his moons and belts is truly a magnifi- 
cent spectacle, a world within itself. As the orbits of the satel- 
lites do not deviate far from the plane of the ecliptic, and but 
little from the equator of the planet, they are usually seen in 
nearly a straight line with each other extending across the central 
part of the disk. (See Frontispiece.) 



330. Jupiter's satellites are distinguished from one another by 
the denominations of ^r«^, second^ thirds and fourth, according to 
their relative distances from Jupiter, the first being that which is 
nearest to him. Their apparent motion is oscillatory, like that 
of a pendulum, going alternately from their greatest elongation 
on one side to their greatest elongation on the other, sometimes 
in a straight line, and sometimes in an elliptical curve, according 
to the different points of view in which we observe them from 
the earth. They are sometimes stationary ; their motion is alter- 
nately direct and retrograde ; and, in short, they exhibit in mini- 
ature all the phenomena of the planetary system. Various par- 
ticulars of the system are exhibited in the following table. The 
distances are given in radii of the primary. 



Satellite. 


Diameter. 


Mean Distance. 


Sidereal Revolution. 


•l 

2 
3 
4 


2608 
2068 
3377 
2890 


6.04853 

9.62347 

16.36024 

. 26.99836 


Id. 18h. 28m. 
3 13 14 
7 3 43 
16 16 32 



Hence it appears, first, that Jupiter's satellites are all somewhat 
larger than the moon, but that the second satellite is the smallest, 
and the third the largest of the whole, but the diameter of the lat- 
ter is only about ^V P^^t of that of the primary ; secondly, that the 
distance of the innermost satellite from the planet is three times his 
diameter, while that of the outermost satellite is nearly fourteen 
times his diameter ; thirdly, that the first satellite completes its 
revolution around the primary in one day and three fourths, while 
the fourth satellite requires nearly sixteen and three fourths days. 
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331. The orbits of the satellites are nearly or quite circular, 
aod deviate but little from the plane of the planet's equator, and 
of course are but slightly inclined to the plane of his orbit They 
are, therefore, in a similar situation with respect to Jupiter as the 
moon would be with respect to the earth if her orbit nearly 
coincided with the ecliptic, in which case she would nndei^o an 
eclipse at every opposition. 

332. The eclipses of Jupiter's satellites, in their general c<hi- 
ception, are perfectly analogous to those of the moon, but in their 
detail they differ in several particulars. Owing to the much 
greater distance of Jupiter from the sun, and its greater magni- 
tude, the cone of its shadow is much longer and larger than that 
of the earth, (Art. 246.) On this accoimt, as well as on account 
of the little inclination of their orbits to that of their primary, 
the three inner satellites of Jupiter pass through the shadow, and 
are totally eclipsed at every revolution. The fourth satellite, 
owing to the greater inclination of its orbit, sometimes though 
rarely escapes eclipse, and sometimes merely grazes the limits of 
the shadow or suffers a partial eclipse.* These eclipses, more- 
over, are not seen, as is the case with those of the moon, from the 
center of their motion, but from a remote station, and one whose 
situation with respect to the line of the shadow is variable. This, 
of course, makes no difference in the times of the eclipses, but a 
very great one in their visibility, and in their apparent situations 





C and A, that is, while the earth is passing from the position 
where it has the planet in superior conjunction, to that where it 
has the planet in opposition ; for while the earth is in this situa- 
tion, the planet conceals from its view the emersion, as is evident 
from the direction of the visual my fd. For a similar reason the 
emersion only is visible while the earth passes from A to C, or 
from the opposition to the superior conjunction. In other words, 
when the earth is to the westward of Jupiter, only the immersions 
of a satellite are visible ; when the earth is to the eastward of 
Jupiter, only the emersions are visible. This, however, is strictly 
true only of the first satellite ; for the third and fourth, and some- 
times even the second, owing to their greater distances from Jupiter, 
occasionally disappear and reappear on the same side of the disk. 
The reason why they should reappear on the same side of the 
disk, will be understood from the figure. Conceive the whole 
system of Jupiter and his satellites as projected on the more dis- 
tant concave sphere, by lines drawn, likefd, from the observer 
on the earth through the planet and each of the satellites ; then 
it is evident that the remoter parts of the shadow where the in- 
terior satellites traverse it, will fall to the westward of the planet, 
and of course these satellites as they emerge from the shadow 
will be projected to a point on the same side of the disk as the 
point of their emersion. The same mode of reasoning will show 
that when the earth is to the eastward of the planet, the immer- 
uons and emersions of the outermost satelUtes will be both seen 
on the east side of the disk. When the earth is in either of the 
positions C or A, that is, at the superior conjunction or opposition 
of the planet, both the immersions and emersions take place be- 
hi^the planet, and the ecliptM occur close to the disk. 
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334. When one of the satellites is passing between Jupiter and 
the sun, it casts a shadow upon its [Mimary, which is seen hy the 
telescope travelling across the disk of Jupiter, as the shadow of 
the moon would be seen to trarerse the earth by a spectator favor- 
ably situated in space. When the earth is to the westward o^ 
Jupiter, as at D, (he shadow reaches the disk of the planet, or is 
seen on the disk, before the satellite itself reaches it. For the 
satellite will not enter on the disk, until it comes up to the line 
/dat d, a point which it reaches later than its shadow reaches 
the same line. After the earth has passed the opposition, as at B, 
then the satellite will reach the visual ray cdsld sooner than the 
shadow, and of course be sooner projected on the disk. la the 
transits of Jupiter's satellites, which with very powerful telescopes 
may be observed with great precision, the satellite itself is some- 
times seen on the disk as a bright spot, if it chances to be pro- 
jected upon one of the belts. Occasionally, also, it is seen as a 
dark spot, of smaller dimensions than the shadow. This curious 
fact has led to the conclusion, that certain of the satellites have 
sometimes on their own bodies or in their atmospheres, obscure 
spots of great extent.* 

335. A very singular relation subsists between the mean mo- 
tions of the three first satellites of Jupiter. If the mean angular 
Telocity of the first satellite be added to twice that of the third, 
the sum will be equal to tlirec times that of (he second. Hence, 
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nomena are such as would present themselves to a spectator on 
Jupter, and not to a spectator on the earth. 

336. The eclipses of Jupiter's satellites have been studied with 
great attention by astronomers, on account of their affording one 
of the easiest methods of determining the longitude. On this 
subject Sir J. Herschel remarks :** The discovery of Jupiter's 
satellites by Galileo, which was one of the first fruits of the in- 
vention of the telescope, forms one of the most memorable epochs 
in the history of astronomy. The first astronomical solution of 
the great problem of "the longitude," — ^the most important prob- 
lem for the interests of mankind that has ever been brought under 
the dominion of strict scientific principles, dates immediately from 
their discovery. The final and conclusive establishment of the 
Copemican system of astronomy, may also be considered as re- 
ferable to the discovery and study of this exquisite miniature 
system, in which the laws of the planetary motions, as ascer- 
tained by Kepler, and especially that which connects their peri- 
ods and distances, were speedily traced, and found to be satisfac- 
torily maintained. 

337. The entrance of one of Jupiter's satellites into the shadow 
of the primary being seen like the entrance of the moon into the 
earth's shadow, at the same moment of absolute time, at all 
places where the planet is visible, and being wholly independent 
of parallax ; being, moreover, predicted beforehand with great 
accuracy for the instant of its occurrence at Greenwich, and 
given in the Nautical Almanac, this would seem to be one of 
those events (Art. 273,) which are peculiarly adapted for finding 
the longitude. It must bo remarked, however, that the extinc- 
tion of light in the satellite at its immersion, and the recovery 
of its light at its emersion, are not instantaneous but gradual ; 
for the satellite, like the moon, occupies some time in entering 
into the shadow or in emerging from it, which occasions a pro- 
gressive diminution or increase of light. The better the light 
afforded by the telescope with which the observation is made, 
the later the satellite will be seen at its immersion, and the sooner 



* Elemenu of Att. p. 279. 

25 



194 T 

at its emetnon.* In notiog the eclipses even of the fint satellite, 
the time must be considered as uncertain to the amount of 20 <k 
30 seconds ; and those of the other satellites involve still greater 
oncertainty. Two observers, in the same room, observing with 
different telescopes the same eclipse, will frequently disagree in 
noting its time to the amount of 15 or 20 seconds ; and the dif- 
ference will be always the same way.f 

Better methods, therefore, of finding the longitude are now 
employed, although the facihty with which the necessary obser- 
vations can be made, and the httle calculation required, still ren- 
der this method eligible in many cases where extreme accuracy 
is not important As a telescope is essential for observing an 
eclipse of one of the satellites, it is obvions that this method 
cannot be practiced at sea. 



338. The gnmd discovery of the progressive motion of UgH, 
was first made by observations on the eclipses of Jupiter's satel- 
lites. In the year 1675, it was remarked by Roemer, a Danish 
astronomer, on comparing tt^ther observations of these eclipses 
during many successive years, that they take place sooner by 
about sixteen minutes (16m. 26>.6) when the earth is on the 
same side of the sun with the planet, than when she is on the 
opposite side. This difference he ascribed to the progressive mo- 
tion of light, which takes that time to pass through the diameter 
of the earth's orbit, making the velocity of Ught about 192,000 
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attended by seven satellites. But a still more wonderfol af^o- 
dage is its Ringy a broad wheel encompassing the planet at a great 
distance from it. We have already intimated that Saturn's sys- 
tem is on a grand scale. As, however, Saturn is distant from us 
nearly 900,000,000 miles, we are unable to obtain the same clear 
and striking views of his phenomena as we do of the phenomena 
of Jupiter, although they really i»:esent a more wonderful me- 
chanism. 

340. Saturn's ring, when viewed with telescopes of a high 
power, is found to consist of two concentric rings,** separated 
from each other by a dark space. (See Frontispiece.) Although 
this division of the rings appears to us, on account of our im- 
mense distance, as only a fine line, yet it is in reality an interval 
of not less than about 1800 miles. The dimensions of the whole 
system are in roimd numbers, as follows rf 

Miles. 

Diameter of the planet, .... 79,000 

From the surface of the planet to the iimer ring, 20,000 

Breadth of the inner ring. 

Interval between the rings, 

Breadth of the outer ring. 

Extreme dimensions from outside to outside, 176,000 
The figure rep^sents Saturn as it appears to a powerful tele- 
scope, sunounded by its rings, and having its body striped with 
dark belts, somewhat similar but broader and less strongly marked 
than those of Jupiter, and owing doubtless to a similar cause. 
That the ring is a solid opake substance, is shown by its throw- 
ing its shadow on the body of the planet on the side nearest the 
sun and on the other side receiving that of the body. From 
the parallelism of the belts with the {dane of the ring, it may 
be conjectured that the axis of rotation of the planet is perpen- 
dicular to that plane ; and this conjecture is confirmed by the 
occasional appearance of extensive dusky spots on its surface, 
wliich when watched indicate a rotation parallel to the ring in 
lOh. 29m. 17s. This motion, it will be remarked, is nearly the 



17,000 

1,800 

10,600 



* It is said that sovoral additional divisions of the ring have been detected.— 
(Kater, Ast. Trans, iv. 383.) t Prof, StruTC, Mem. Aft. Soc., 3. 30X. 
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same vlth the diurnal motion of Jupiter, subjecttog places on the 
equator of the planet to a very awift revolution, and occaaioning 
a high degree of comjvession at the poles, the equatorial being to 
the polar diameter in the high ratio of 11 to 10. But it is re- 
markable that the globe of Saturn fq>peafs to be flattened at the 
equator as well as at the poles. The polar compression extends 
to a great distance over the surface of the jdanet, and the greatest 
diameter is that of the parallel of 43° of latitude. The disk of 
Saturn, therefore, resembles a square of which the four comers 
have been roonded off.* It requires a telescope of high magni- 
iying powers and a strong light to give a full and striking view 
of Saturn with his rings and belts and satellites ; for we must 
bear in mind that aX the distance of Saturn one second of angular 
measurement corresponds to 4,000 miles, a space equal to the 
aemi-diameter of our globe. But with a telescope of moderate 
powers, the leading phenomena of the ring itself may be observed. 

341. Saturn's ring, in its revolu^on around the sun, always 
remains parailel to itself. 

If we hold opposite to the eye a circular ring or disk like a 
[Hece of coin, it will appear as a complete circle when it is at right 
angles to the axis of vision, but when oblique to that axis it will 
be projected into an ellipse more and more flattened as its obli- 
quity is increased, until, when its plane coincides with the axis 
of vision, it is projected into a straight Une. Let us place on the 
table a lamp to represent the sun, and hoiding 
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in respect to so distant a body as Saturn, very near the son, those 
appearances are presented to us in nearly the same manner 
as though we viewed them from the sun. Accordingly, we 
sometimes see Saturn's ring imder the form of a brotd ellipse, 
which grows continually more and more acute until it passes into 
a line, and we either lose sight of it altogether, or with the aid of 
the most powerful telescopes, we see it as a fine thread of light 
drawn across the disk and projecting out from it on each side. 
As the whole revolution occupies 30 years, and the edge is pre- 
sented to the sun twice in the revolution, this last phenomenon, 
namely, the disappearance of the ring, takes place every 16 years. 

342. The learner may perhaps gain a clearer idea of the fore- 
going appearances from the following diagram : 

Let A, B, C, &,c. represent successive positions of Saturn and 
his ring in different parts of his orbit, while abc represents the 
orbit of the earth.* Were the ring when at C and G perpendic- 
ular to the line C6, it would be seen by a spectator situated at a 
or da. perfect circle, but being inclined to the line of vision 28^ 
4^, it is projected into an ellipse. This ellipse contracts in breadth 

Fig. 64. 




as the ring passes towards its nodes at A and E, where it dwin- 
dles into a straight line. From E to G the ring opens again, be- 
comes broadest at G, and again contracts till it becomes a straight 
line at A, and from this point expands till it recovers its original 
breadth at C. These successive appearances are all exhibited to 
a telescope of moderate powers. The ring is extremely thin, 
since the smallest satellite, when projected on it, more than covers 
it. The thickness is estimated at 100 miles. 



* It may bo remarked by the learner, that these orbits are made so elliptical, 
not to represent the eccentricity of either tlio earth's or Saturn's orbit, but merely 
as the projection of circles seen very obliquely. 
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343. SeUiirn'a ring shines vhollif by rejladed light derived Jrotn 
the sun. This is evident from the fact, that that side only which 
is turned towards the sun is eDlightened ; and it is remarkable, 
that the ittumination of the ring is greater than that of the planet 
itself, but the outer ring is less bright than the inner. Although, 
as we have akeady remarked, we view Saturn's ring nearly as 
though we saw it from the sun, yet the plane of the ring produ- 
ced may pass between the earth and the sun, in which case also 
the ring becomes invisible, the illuminated side being wholly 
turned from us. Thus, when the ring is approaching its node at 
E, a spectator at b would hare the dark side of the ring presented 
to him. The ring was invisible in 1833, and will be invisible 
again in 1847. At present ( 1839) it is the northern side of the ring 
that is seen, but in 1855 the southern side will come into view. 

It appears, therefore, that there are three causes for the disap- 
pearance of Saturn's ring; first, when the edge of the ring is 
presented to the sun ; secondly, when the edge is luesented to 
the earth ; and thirdly, when the unilluminated side is towards 
the earth. 

344 Saturn's ring revolves in its own plane in about lOJ 
hours, ( lOh. 32m. 16*.4). La Place inferred this from the doctrine 
of universal gravitation. He [ffoved that such a rotation was 
necessary, otherwise the matter of which the ring is composed 
would be precipitated upon its primary. He showed that in order 
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minute orbit This fact, unimportant as it may seem, is of the 
utmost consequence to the stability of the system of rings. 
Supposing them mathematically perfect in their circular form, 
and exactly concentric with the planet, it is demonstrable that 
they would form (in spite of their centrifugal force) a system in 
a state of wnstahle equilibrium, which the sUghtest external 
power would subvert — ^not by causing a rupture in the substance 
of the rings — ^but by precipitating them unbroken on the surface 
of the idanet.** The ring may be supposed of an unequal breadth 
in its different parts, and as consisting of irregular solids, whose 
common center of gravity does not coincide with the center of 
the figure. Were it not for this distribution of matter, its equi- 
librium would be destroyed by the slightest force, such as the 
attraction of a sateUite, and the ring would finally precipitate 
itself upon the planet.t 

As the smallest difference of velocity between the planet and 
its rings must infallibly precipitate the rings upon the planet, 
never more to separate, it follows either that their motions in their 
common orbit round the sim, must have been adjusted to each 
other by an external power, with the minutest precision, or that 
the rings must have been formed about the planet while subject 
to their common orbitual motion, and under the full and free in- 
fluence of all the acting forces. 

The rings of Saturn must present a magm'ficent spectacle from 
those regions of the planet which lie on their enlightened sides, 
appearing as vast arches spanning the sky from horizon to hori- 
zon, and holding an invariable situation among the stars. On 
the other hand, in the region beneath the dark side, a solar eclipse 
of 15 years in duration, under their shadow, must afford (to our 
ideas) an inhospitable abode to animated beings, but ill compen- 
sated by the full light of its satellites. But we shall do wrong 
to judge of the fitness or unfitness of their condition from what 
we see around us, when, perhaps, the very combinations which 
convey to our minds only images of horror, may be in reality 
theatres of the most striking and glorious displays of beneficent 
contrivance.^ 

* Sir J. Ilerechcl. t La Place. X Sir J. llcrschel. 
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346. Saturn is attended by seven aaielUtea. Although bodiefl 
of considerable size, their great distance prevents their being vis- 
ible to any telescopes but such as afford a strong light and high 
magnifying powers. The outermost satellite is distant from the 
planet more than 30 times the phuiet's diameter, and is by &r 
the largest of the whole. It is the only one of the series whose 
theory has been investigated further than suffices to verify Kep- 
ler's law of the periodic times, which is found to hold good here 
aa well as ia the system of Jupiter. It exhibits, like the sateUites 
of Jupter, periodic variations of Ught, which prove its revolution 
on its axis in the time of a sidereal revolution about Saturn. 
The next satellite in order, proceeding inwards, is tolerably con- 
spicuous ; the three next are very minute, and require prett/ 
powerful telescopes to see them ; while the two interior satellites, 
which just skirt the edge of the ring, and move exactly in its 
plane, have never been discovered but with the most powerful 
telescopes which human art has yet constructed, and then only 
under peculiar circumstances. At the time of the disappearance 
of the rings (to ordinary telescopes) they were seen by Sir Will- 
iam Herschel with his great telescope, projected along tbe edge 
of the ring, and threading like beads the thin fibre of light to 
which the ring is then reduced. Owing to the obliquity of the 
ring, and of the orbits of the satellites to that of their primary, 
there are no eclipses of the satellites, the two interior ones ex- 
cepted, until near the time when the ring is seen edgewise.* 
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The sun himself when seen from Uranus dwindles almost to a 
staTi subtending as it does an angle of only 1^ Aiy ; so that the 
surface of the sim would appear there 400 times less than it does 
to us. 

This planet was discovered by Sir William Herschel on the 
13th of March, 1781. His attention was attracted to it by the 
lai^eness of its disk in the telescope ; and finding that it shifted 
its place among the stars, he at first took it for a comet, but soon 
perceived that its orbit was not eccentric like the orbits of cometSy 
but nearly circular Uke those of the planets. It was then recog- 
nized as a new member of the planetary system, a conclusion 
which has been justified by all succeeding observations. 

348. Uranus is attended by six satellites. So minute objects 
are they that they can be seen only by powerful telescopes. In- 
deed the existence of more than two is still considered as some- 
what doubtful. These two, however, ofifer remarkable, and 
indeed quite unexpected and unexampled peculiarities. Contrary 
to the unbroken analogy of the whole planetary system, tha 
planes ^ their orbits are nearly perpendicular to the ecliptic^ 
being inclined no less than 78^ 58' to that plane, and in these 
orbits their motions are retrograde ; that is, instead of advancing 
from west to east around their primary, as is the case with all the 
other planets and sateUites, they move in the opposite direction.* 
With this exception, all the motions of the planets, whether around 
their own axes, or around the sun, are from west to east. 

or THE NEW PLANETS, CERES, PALLAS, JUNO, AND VESTA. 

349. The commencement of the present century was rendered 
memorable in the annals of astronomy, by the discovery of four 
new planets between Mars and Jupiter. Kepler, from some 
analogy which he found to subsist among the distances of the 
planets from the sun, had long before suspected the existence of 
one at this distance ; and his conjecture was rendered more prob- 
able by the discovery of Uranus, which follows the analogy of 
the other planets. So strongly, indeed, were astronomers im- 

* Sir J. Herschel. 

26 
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ptessed with the idea that a planet would' be found between Man 
and JujHter, that, in the hope of discovering it, an association waa 
fonned od the continent of Europe of twenty foui observers, who 
divided the sky into as many zones, one of which was allotted to 
each member of the association. The discovery of the first of 
these bodies was however made accidentally by Piazzi, an astron- 
omer of Palermo, on the first of Janoary, 1801. It was i^wtly 
afterwards lost sight of on account of its proziQiity to the sun, 
and was not seen again until the close of the year, when it was 
te-discovered in Germany. Piazzi called it Ceres in honor of the 
tutelary goddess of Sicily, and her emblem, the sickle ? , has 
been adopted as its appropriate symbol. 

The difBculty of finding Ceres induced Dr. Olbers, of Bremen, 
to examine with particular care all the small stars that he near 
her path, as seen from the earth ; and while prosecuting these 
observations, in March, 1802, he discovered another similar body, 
very nearly at the same distance from the sun, and resembUng the 
former in many other particulars. The discoverer gave to this 
second planet the name of Pallas, choosing for its symbol the 
lance $ , the characteristic of Minerva. 

350. The most surprising circumstance connected with the 
discovery of Pallas, was the existence of two planets at nearly the 
same distance from the sun, and apparently having a common node. 
On account of this singularity, Dr. Olbers was led to conjecUire 
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might be sought for in those parts with greater chance of success 
than in a wider zone, embracing the entire limits of these orbits. 
Accordingly, in 1804, near one of the nodes of Ceres and Pallas, 
a third planet was discovered. This was called Juno^ and the 
character $ was adopted for its symbol, representing the starry 
sceptre of the que^n of Olympus. Pursuing the same researches, 
in 1807, a fourth planet was discovered, to which was given the 
name of Vesta^ and for its symbol the character fi was chosen, 
an altar surmounted with a censer holding the sacred fire.' 

After this historical sketch, it will be sufficient to classify under 
a few heads the most interesting particulars relating to the New 
Planets. 

351. The average distance of these bodies from the sun is 
261,000,000 miles ] and it is remarkable that their orbits are very 
near together. Taking the distance of the earth from the sun 
for unity, their respective distances are 2.77, 2.77, 2.67, 2.37. 

As they are found to be governed, like the other members of 
the solar system, by Kepler's law, that regulates the distances 
and times of revolution, iheii periodical tinies are of course pretty 
nearly equal, averaging about 4} years. 

In respect to the inclination of their orbits, there is considerable 
diversity. The orbit of Vesta is inclined to the ecliptic only 
about 7^, while that of Pallas is more than 34°. They all there- 
fore have a higher inclination than the orbits of the old planets, 
and of course make excursions from the ecliptic beyond the limits 
of the Zodiac. 

The eccentricity of their orbits is also, in general, greater than 
that of the old planets ; and the eccentricities of the orbits of 
Pallas and Juno exceed that of the orbit of Mercury. 

Their small size constitutes one of their most remarkable pe- 
culiarities. The difficulty of estimating the apparent diameter 
of bodies at once so very small and so far off, would lead us to 
expect different results in the actual estimates. Accordingly, 
while Dr. Herschel estimates the diameter of Pallas at only 80 
miles, Schroeter places it as high as 2,000 miles, or about the size 
of the moon. The voliune of Vesta is estimated at only one 
fifteen thousandth part of the earth's, and her surface is only 
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about equal to that of the kingdom of Spain.* Theoe little 
bodies are sunounded by atrm>spherea of great extent, some oS 
which are uncommonly luminous, and others appear to consist of 
nebulous matter. These planets in general shine with a more 
Tirid light than might be expected from their gieat distance aitd 
dimiautive size. 



CHAPTER XI. 



MOTIOKS or THE FLAHETABI STSTEH. 



352. We hare waited until the learner may be suf^iosed to be 
fimiiliar with the contemplation of the heavenly bodies, individ- 
ually, before inviting his attention to a systematic view of the 
I^anets, and of their motions around the sun. The time has now 
arrived for entering more advantageously upon this subject, than 
could have been done at an earlier period. 

There are two methods of arriving at a knowledge of the mo- 
tions of the heavenly bodies. One is to begin with the apparent, 
and from these to deduce the real motions ; the other is, to begin 
with considering things as they really are in nature, and then to 
inquire why they appear as they do. The latter of these methods 
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We shall find it no easy matter to form a correct notion of infinite 
space ; but let us fix our attention, for some time, upon extension 
alone, devoid of every thing material, without light or life, and 
without bounds. Of such a space we could not predicate the 
ideas of up or down, east, west, north, or south, but all reference 
to our own horizon (which habit is the most difficult of all to 
eradicate from the mind) must be completely set aside. Into 
such a void we would introduce the Sun. We would contem- 
plate this body alone, in the midst of boundless space, and con- 
tinue to fix the attention upon this object, until we had fully 
settled its relations to the surrounding void. The ideas of up and 
down would now present themselves, but as yet there would be 
nothing to suggest any notion of the cardinal points. We suppose 
ourselves next to be placed on the surface of the sun, and the fir- 
mament of stars to be lighted up. The slow revolution of the sun 
on his axis, would be indicated by a corresponding movement of 
the stars in the opposite direction ; and in a period equal to more 
than 27 of our days, the spectator would see the heavens perform a 
complete revolution around the sun, as he now sees them revolve 
around the earth once in 24 hours. The point of the firmament 
where no motion appeared, would indicate the position of one of 
the poles, which being called North, the other cardinal points 
would be immediately suggested. 

Thus prepared, we may now enter upon the consideration of 
the planetary motions. 

354. Standing on the sun, we see all the planets moving slowly 
around the celestial sphere, nearly in the same great high way, 
and in the same direction from west to east. They move, how- 
ever, with very imequal velocities. Mercury makes very percep- 
tible progress from night to night, like the moon revolving about 
the earth, his daily progress eastward being about one third as 
great as that of the moon, since he completes his entire revolu- 
tion in about three months. If we watch the course of this 
planet from night to night, we observe it, in its revolution, to 
cross the ecliptic in two opposite points of the heavens, and wan- 
der about 7° from that plane at its greatest distance from it. 
Knowing the position of the orbit of Mercury with respect to 
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Other planets. Standing on the snn we should see each of the 
planets pursuing a similar course to that of Mercury, all moving 
irom west to east, with motions differing from each other chiefly 
in two respects, namely, in their velocities, and in the distances 
to which they ever recede from the ecliptic. 

The earth revolves about the sun very much like Yenus, and 
to a spectator on the sun, the motions of these two planets would 
exhibit much the same appearances. We have supposed the ob- 
server to select the plane of the earth's orbit as his standard of ref- 
erence, and to see how each of the other orbits is related to it ; 
but such a selection of the ecliptic is entirely arbitrary ; the spec- 
tator on the sun, who views the motions of the planets as they 
actually exist in nature, would make no such distinction between 
the different orbits, but merely inquire how they were mutually 
related to each other. Taking, however, the ecliptic as the plane 
to which all the others are referred, we do not, as in the case of 
the other planets, inquire how its plane is inclined^ nor what are 
its nodeSj since it has neither inclination nor node. 

356. Such, in general, are the real motions of the planets, 
and such the appearances which the planetary system would ex- 
hibit to a spectator at the center of motion. But in order to rep- 
resent correctly the positions of the planetary orbits, at any given 
time, three things must be regarded, — ^the IncUnation of the orbit 
to the ecliptic — the position of the line of the Nodes — and the 
position of the line of the Apsides. In our common diagrams, 
the orbits are incorrectly represented, being all in the same plane, 
as in the following diagram, where AEB (Fig. 65,) represents 
the orbit of Mercury as lying in the same plane with the ecliptic. 
To exhibit its position justly (AB being taken as the line of the 
nodes) it should be elevated on one side about 7^ and depressed 
by the same number of degrees on the other side, turning on the 
line AB as on a hinge. But'even then the representation may be 
incorrect in other respects, for we have taken it for granted that 
the line of the nodes coincides with the line of the apsides, or 
that the orbit of Mercury cuts the ecliptic in the line AB. Whereas, 
it may lie in any given position with respect to the line of the 
apsides depending on the longitude of the nodes. If, for exam- 




pie, the line of the nodes had chanced to pass Enough Taurus 
and Scorpio instead of Cancer and Capricorn, then it would have 
been represented by the line B tri instead of 2EV3, and the plane 
when elevated or depressed with respect to the [Jane of the equa- 
tor, wonld be turned on this line ia our figure.* Moreover, our 
diagram represents the line of the apsides as passing through 
Cancer and Capricorn, whereas it may have any other position 
among the signs, according to the longitudes of the perigee and 
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feet in diameter. If we preserve the same proportions in regard 
to distance, wo must place Mercury 250 feet, and Uranus 12,500 
feet, or more than two miles from the. sun. The mind of the 
student of astronomy must, therefore, raise itself from such im- 
perfect representations of celestial phenomena as are afforded by 
artificial mechanism, and, transferring his contemplations to the 
celestial regions themselves, he must conceive of the sun and 
planets as bodies that bear an insignificant ratio to the inmiense 
spaces in which they circulate, resembling more a few little 
birds flying in the open sky, than they do the crowded machinery 
of an orrery. 

358. Having acquired as correct an idea as we are able of the 
planetary system, and of the positions of the orbits with respect 
to the ecliptic, let us next inquire into the nature and causes of 
the apparent motions. 

The apparent motions of the planets are exceedingly unlike 
the real motions, a fact which is owing to two causes ; first, we 
view them out of the center of their orbits ; secondly, we are our- 
selves in motion. From the first cause, the apparent places of the 
planets are greatly changed by perspective ; and from the second 
cause, we attribute to the planets changes of place which arise 
from our own motions of which we are unconscious. 

359. The situation of a heavenly body as seen from the center 
of the sun, is called its heliocentric place ; as seen from the cen- 
ter of the earth, its geocentric place. The geocentric motions of 
the planets must, according to what has just been said, be far 
more irregular and complicated than the heliocentric, as will be 
evident from the following diagram, which represents the geocen- 
tric motions of Mercury for two entire revolutions, embracing a 
period of nearly six moths. 

Let S (Fig. 66,) represent the sun, 1, 2, 3, &c. the orbit of 
Mercury, a, ft, c, &c. that of the earth, and GT the concave sphere 
of the heavens. The orbit of Mercury is divided into 12 equal 
parts, each of which he describes in 7^ days, and a portion of 
the earth's orbit described by that body in the time that Mercury 
describes the two complete revolutions, is divided into 24 equal 

27 
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rapidly, since her period of revolution approaches much more 
nearly to that of the earth. 

261. The apparent motions of the superior planets, are, like 
those of Mercury and Venus, alternately direct, stationary, and re- 
trograde. In this case, however, the earth moves faster than the 
planet, and the planet has its opposition but no inferior conjunc- 
tion, whereas an inferior planet has its inferior conjunction, but 
no opposition. These differences render the apparent motions of 
the superior planets in some respects unlike those of Mercury and 
Yenus. When a superior planet is in conjunction, its motion is 
direct, because, as in the case of Yenus in her superior conjunc- 
tion, (See Fig. 60,) the only effect of the earth's motion is to 
accelerate it ; but when the planet is in opposition, the earth is 
moving past it with a greater velocity, and makes the planet seem 
to move backwards, like the apparent backward motion of a 
vessel when we overtake it and pass rapidly by it in a steamboat. 

362. But the various motions of a superior planet will be best 
understood from a diagram. Hence, let S (Fig. 67,) be the sun ; 
B, C, D, E, the orbit of the earth ; &, c, (2, &c. the orbit of a su- 
perior planet, as Jupiter for example ; and VE' a portion of the 
concave sphere of the heavens. Let bm be the arc described by 
Jupiter in the time the earth describes the arc BM ; let &c, cd^ 
and de^ &c. be described by Jupiter while the earth describes BC, 
CD, and DE. Now when the earth is at B and Jupiter at 6, he 
will appear in the heavens at B'. When the earth reaches C, the 
planet reaches c and will be seen at C^, his motions having been 
direct from west to east. While the earth moves from C to D 
and from D to E, Jupiter has moved from c to d, and from (2 to e, 
and will appear to have advanced among the stars from C to IK, 
and from D^ to E', his motion being still direct, but slower than 
before, as he has passed over only the space D^E' in the same 
time that he before moved through the greater spaces B'C and 
C'EK. 

During the motion of the isarth from E to F, and of Jupiter 
from c to /, the earth passes by Jupiter ; and not being conscious 
of our own motion, Jupiter seems to us to have moved backward 
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fifom E' to F'. At E' where the direct motion was changed to a 
retrograde, he would appear to be stationary. Upon the arrival 
of the earth at G, and of Jupiter at g, in oppc^tion to the sun, 
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CHAPTER XII. 

DETXRmNATION OF THE PLANETARY ORBITS— KEPLER' 8 DISCOVE- 
RIES ^ELEKENTS OF THE ORBIT OF A PLANET (^UANTnT OP 

MATTER IN THE SUN AND PLANETS STABILITY OF THE SOLAR 

SYSTEM. 

363. In chapter II, we have shown that the figure of the earth's 
orbit is an ellipse, having the sun in one of its foci, and that the 
earth's radius vector describes equal areas in equal times ; and in 
Chapter III, we have remarked that these are only particular 
examples under the law of Universal Gravitation, as is also the 
additional fact, that the squares of the periodical times of the 
{Janets are as the cubes of the major axes of their orbits. We 
may now learn, more particularly, the process by which the 
illustrious Kepler was conducted to the discovery of these grand 
laws of the planetary system. 

364. Ptolemy, while he held that the orbits of the planets were 
perfect circles in which the planets revolved uniformly about the 
earth, was nevertheless obliged to suppose that the earth was 
situated out of the center of the circles, and that at the same 
distance on the other side of the center was situated the point 
{punctum atquans) about which the angular motion of the body 
was equable and uniform. In regard to the orbit of the sun, 
however, the earth was held to occupy the exact center. On 
nearly the same suppositions, Tycho Brahe had made a great 
number of very accurate observations on the planetary motions, 
which served Kepler as standards of comparison for results, which 
he deduced from calculations founded on the application of geo- 
metrical reasoning to hypotheses of his own. 

KcfJer first applied himself to investigate the orbit of Mars, 
the motions of which planet appeared more irregular than those 
of any other, except Mercury, which, being seldom seen, had 
then been very little studied. According to the view s of Ptole- 
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my and Tycho, he'bt first supposed the orbit to be circular, and 
the planet to move nniformly about a point at a certain distance 
from the sun. He made seventy suppositions before he obtained 
one that ^reed with observation, the calculation of which was 
extremely long and tedious, occupying him more than five years.' 
The supposition of an equable motion in a circle, however varied, 
could not be made to conform to the observations of Tycho, 
whereas the supposition that the orbit was of an oval figure, de- 
pressed at the sides, but coinciding with a circle at the perihelion, 
agreed very nearly with observation. Such a figure naturally 
suggested the idea of an ellipse, and reasoning on the known 
IHVperties of the ellipse, and comparing the results of calculation 
with actual observation, the agreement was such as to leave do 
doubt that the orbit of Mars is an ellipse, having the sun in one 
of the foci. He immediately conjectured that the same is true 
of the orbits of all the other planets, and a similar comparison of 
this hypothesis with observation, confirmed its truth. Hence he 
established the first great law, that the planets revolve about lh» 
aun in eUipses, having the stm in one of the foci. 

365. Kepler also discovered from observation, that the veloci- 
ties of the planets when in their apsides, are inyetsely as their 
distances from the sun, whence it follows that they describe, in 
these points, equal areas about the sun in equal times. Although 
he could not prove, from observation, that the same was true in 
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them, having a strong passion for finding analogies in nature. 
He saw that the more distant a planet was from the sun, the* 
slower it moved ; so that the periodic times of the more distant 
planets would be increased on two accounts, first, because they 
move over a greater space, and secondly, because their motions in 
their orbits is actually slower than the motions of the planets 
nearer the sun. Saturn, for example, is 9} times further fi-om the 
sun than the earth is, and the circle described by Saturn is greater 
than that of the earth in the same ratio ; and since the earth re- 
volves around the sun in one year, were their velocities equal, 
the periodic time of Saturn would be 9} years, whereas it is 
nearly 30 years. Hence it was evident, that the periodic times 
of the planets increase in a greater ratio than their distances, but 
in a less ratio than the squares of their distances, for on that sup* 
position the periodic time of Saturn would be about 904 years. 
Kepler then took the squares of the times and compared them 
with the cubes of the distances, and found an exact agreement 
between them. Thus he discovered the famous law, that the 
tqtiares of the periodic times of all the planets, are as the cubes 
of their mean distances from the sun,* 

m 

This law is strictly true only in relation to planets whose quan- 
tity of matter in comparison with that of the central body is 
inappreciable. When this is not the case, the periodic time is 
shortened in the ratio of the square root of the sun's mass divi- 
ded by the sun's plus the planet's mass ( j^ , J • The mass of 

most of the planets is so small compared with the sun's, that this 
modification of the law is unnecessary except where extreme ac- 
curacy is required. 

ELEMENTS OF THE PLANETARY ORBITS. 

367. The particulars necessary to be known in order to deter- 
mine the precise situation of a planet at any instant, are called 
the Elements of its Orbit. They are seven in number, of which 
the first two determine the absolute situatiori of the orbit, and the 

* Vince's Complote Syttem, I, 98. 
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Other five relate to the motion of the planet in its orbit. These 
elements are, 

(1.) The position of the line of the nodes- 

(2.) The inclination to the ecKptic. 

(3.) The periodic time. 

(4.) The mean distance from the sun, or semi-<iTis major. 

(5.) The eccentridtjf. 

(6.) The place of the perihelion. 

(7.) The place of the planet in its orbit at a particular ipoch. 

368. It may at first view be supposed that ve can {Koceed to 
find the elements of the orbit of a planet in the same manner as 
we did those of the solar or lunar orbit, namely, by observations 
on the right ascension and declination of the body, converted into 
latitudes and longitudes by means of spherical trigonometry, (See 
page €9. ) But in the case of the moon, we are situated in the 
center of her motions, and the apparent coincide with the real 
motions ; and, in respect to the sun, our observations on his ap- 
parent motions give us the earth's reoi motions, allowing 180° 
difference in longitude. But, as we have already seen, the vny 
tions of the planets appear exceedingly different to us, from what 
they would if seen from the center of their motions. It is ne- 
cessary therefore to deduce from observations made on the earth 
the corresponding results as they would bo if viewed from the 
center of the sun ; that is, in the language of astronomers, hav- 
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Let S and E (Fig. 68,) be the sun and earth, P the planet, PO 
a line drawn from P perpendicular to the ecliptic, SA the direc- 
tion of Aries, and EH parallel to SA, and therefore (on account of 
the immense distance of the fixed stars) also in the direction of 
Aries. Then OEH, being the apparent distance of the planet 
from Aries in the direction of the ecliptic, is the geocentric lon- 
gitude, and OEP, being the apparent distance of the planet from 
the ecliptic taken on a secondary to the ecliptic, is the geocentric 
latitude. It is obvious also that the angles OSA and PSO are 

P Fig. 68. 
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the heliocentric longitude and latitude. The planet's angular 
distance from the sun, PES, is also known from observation. 
Hence, in the triangle SEP, we know SP and SE and the angle 
SEP, from which we can find PE ; and knowing PE and the 
angle PEO, we can find OE, since OEP is a right angled triangle. 
Hence in the triangle SEO, ES and EO, and the angle SEO 
(=OEH — SElH^difTerence of longitude of the planet and the 
sun) are known, and hence we can obtain OSE, (Art. 135,) which 
added to the sun's longitude ESA, gives us OSA the planet's he- 
liocentric longitude. 
Also, because PS : Rad. : :0P : Sin. PSO 

.-. PS X Sin. PSO^OPxRad. 
But EP : Rad. : :0P : Sin. OEP 

.-. EPxSin. OEP=OPxRad. 

.-. PSxSin. PSO=EPxSin. OEP 

.-. PS : EP: :Sin. OEP : Sin. PSO. 
The first three terms of this proposition being known, the last 
is found which is the heliocentric latitude.* 

* Briukloy't Elomcnts of AMtronomj, p. 164. 

28 
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370. Having oov learned how observations made at the earth 
may be converted into corresponding observations made at the 
san, we may [voceed to explain the mode of finding the seveial 
elements before enumerated ; although our limits will not ponut 
US to enter further into detail on this subject, than to ezfdaia the 
leading principles on which eadi of these elements is determined.* 

371. First, to determine the pension oftJte Node$, and the In- 
clination of the Orbit. 

These two elements, whieh determine the orbit, (Art. 368,) 
may be derived from two heliocentiic longitudes and latitudes. 
Let AR and AS (Pig. 69,) be two r^. 69. 

heliocentric longitudes, PR and QS 
the heliocentric latitudes, and N the 
ascending node. Then, by Napiei^s 
theorem, (Art. 132.) ~ - - 

Sin.NR(=AR-AN) _^ sirLNS(=AS-AN) 

Sin. ARxcos.AN- co s.ARxsin. AN-|- _ 
•'• tan. PR 

sin. AS Xcos. AN — cos. ASxsin. AN 
' tan. as ' 

sin. AN Sin. ARxtan. QS-sin. ASxtan.PR 
Battaa AN_^^^ AN-Cos. ARxtan. QS-cos. ABxtan. PR 
But AN is the longitude of the ascending node ; and its value 
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turns to the same node. We may know when a planet is at the 
node because then its latitude is nothing. If, from a series of 
observations on the right ascension and declination of a planet, 
we deduce the latitudes, and find that one of the observations 
gives the latitude 0, we infer that the planet was at that moment 
at the node. But if, as commonly happens, no observation gives 
exactly 0, then we take two latitudes that are nearest to 0, but 
on opposite sides of the ecliptic, one south and the other north, 
and as the sum of the arcs of latitude is to the whole interval, 
so is one of the arcs to the corresponding time in which it was 
described, which time being added to the first observation, or 
subtracted from the second, will give the precise moment when 
the planet was at the node. 

By repeated observations it is found, that the nodes of the 
planets have a very slow retrograde motion. 

373. If the orbit of a planet cut the ecliptic at right angles, 
then small differences of latitude would be appreciable ; but in 
fact the planetary orbits are in general but little inclined to the 
ecliptic, and some of them lie almost in the same plane with it 
Hence arises a difficulty in ascertaining the exact time when a 
planet reaches its node. Among the most valuable observations 
for determining the elements of a planet's orbit, are those nlade 
when a superior planet is in or near its apposition to the sun, for 
then the heliocentric and geocentric longitudes are the same. 
When a number of oppositions are observed, the planet's motion 
in longitude as would be observed from the sun will be known. 
The inferior planets, also, when in superior conjunction, have 
their geocentric and heliocentric longitudes the same. When in 
inferior conjunction, these longitudes differ 180^ ; but the infe- 
rior planets can seldom be observed in superior conjunction, on 
account of their proximity to the sun, nor in inferior' conjunction 
except in their transits, which occur too rarely to admit of obser- 
vations sufficiently numerous. Therefore, we cannot so readily 
ascertain by simple observation, the motions of the inferior plan- 
ets seen from the sun, as we can those of the superior.* 



BrinkUy, p. 167. 
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Hence, in order to obtain accurately the periodic time of s 
planet, we find the interval elapsed between two oppositions sep- 
arated by a long interral, when the planet was nearly in the same 
pert of the Zodiac. Prom the periodic time, as determined ap- 
proximately by other methods, it may be found when the planet 
has the same heliocentric longitude as at the first obserratioo. 
Hence the time of a complete number of revolutions will be 
known, and thence the time of one revolution. The greater the 
interval of time between the two oppositions, the more accurately 
the periodic time will be obtained, because the errors of observa- 
tion will be divided between a great number of periods ; theie- 
foce by using very accurate observations, much precision may be 
attained. For example, the planet Saturn was observed in the 
year 228 B. C. March 2, (according to our reckoning of time,) to 
be near a certain stiu' called y Yirgiois, and it was at the same 
time nearly in opposition to the sun. The same planet was again 
observed in opposition to the sun, and having nearly the same 
longitude in Feb. 1714 The exact difference between these 
dates was 1943y. 118d.21h. 15m. It is known from other sources, 
that the time of a revolution is 29J years nearly, and hence it 
was found that in the above period there were 66 revolutions of 
Saturn ; and dividing the interval by this number, we obtain 
29.444 yearsj which is nearly the periodic time of Saturn accord- 
ing to the most accurate determination. 
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cnrbit, and Mm a corresponding portion of that of a superior planet, 
described on the day of opposition, about the' sun S, on which 
day the three bodies lie in one straight line SEMX. Then the 
aogle ESe and MSm, representing the respective angular veloci- 

Fig. 70. 

f 

X 

ties of the two bodies are known. Now if em be joined, and 
prolonged to meet SM continued in X, the angle eXe, which is 
equal to the alternate angle Xey, being equal to the retrograda- 
tion of the planet in the same time (being known #om observa- 
tion) is also given. Ee, therefore, and the angle EXe being 
given in the right angled triangle EeX, the side EX is easily cal- 
culated, and thus SX becomes known. Consequently, in the 
triangle SmX, we have given the side SX, and the two angles 
mSX and 7nXS, whence the other sides Sm and mX are easily 
determined. Now Sm is the radius of the orbit of the superior 
planet required, which in this calculation is supposed circular as 
well as that of the earth, — a supposition not exact, but sufficiently 
so to afford a satisfactory approximation to the dimensions of its 
orbit, and which, if the process be often repeated, in every variety 
of situation at which the opposition can occur, will ultimately 
afford an average or mean value of its distance fiilly to be de- 
pended on.* 

375. The transverse or major axes of the planetary orbits re- 
main always the sam£. Amidst all the perturbations to which 
other elements of the orbit are subject, the line of the apsides is 
of the same invariable length. It is no matter in what direction 
the planet may be moving at that moment. Various circum- 
stances will influence the eccentricity and the position of the 
ellipse, but none of them aflfects its length. 

376. Fourthly, to determine the place of the perihelion — the 
epoch of passing the perihelion — a7id the eccentricity. 



* Sir J. Ilcrschel. 
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There are varioas methods of findiog the ecceDtricit; of a 
planet's orbit and the place of the perihelion, and of 4»urse the 
position of the line of the apsides. One is derived from the great- 
e$t equation of the center, (Art. 200.) The greatest equation is 
the greatest difference that occurs betveen the mean and the tnie 
motion of a body revolving in an ellipse. It will be necessary 
fiist to explain the manner in which the greatest equation is found. 

Let AEBF (Fig. 71,) be the orbit of the planet, having the 
sun in the focus at S. In an ellipse, the square root of the pro- 
duct of the semi axes gives the radius of a circle of the same 
area as the ellipse.* Therefore with Fig. 7i. 

the center S, at the distance SE = 
v'AK xOK, describe the circle 
CEGF, then will the area of this 
circle be equal to that of the ellipse. 
At the same time that a planet de- 
parts from A the aphelion, a body 
begins to move with a uniform mo- 
tion from C through the periphery 
CEGF, and performs a whole revo- 
lution in the same period that the 
planet describes the ellipse ; the mo- 
tion of this body wiU represent the 
equal or mean motion of the earth, 
and it will describe around 8 areas or sectors of circles which 
>ortioiial to the times, and etiual to the elliptic areas dc- 
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proportional to the difference of the areas ACE and mER, or to 
the area GBRm, Y being the situation of the body moving equa- 
bly ; for the sector CSV will be equal to the elliptic area ASR, 
and taking away the common spaces ACE, REm=the sector 
ySm=the equation. At the points E and F, where the circle 
and ellipse intersect, the radius vector of the earth and the radius 
of the circle of equable motion are equal, and of course those 
radii then describe equal areas in equal times ; hence, when the 
real motion of the earth is equal to the mean motion, the equation 
of the center is greatest.* The mean motion for any given time 
is easily found ; for the periodic time : 360: :the given time : the 
number of degrees for that time. Observation shows when the 
actual motion of the planet is the same with this. 

377. Now the equation of the center is greatest twice in the 
revolution, on opposite sides of the orbit, as at E and F, which 
points he at equal distances from the apsides ; and since the whole 
arc EAF or EBF is known from the time occupied in describing 
it, therefore, by bisecting this arc, we find the points A and B, 
the aphelion and perihelion^ and consequently the position of the 
line of the apsides. The time of describing the area EBF being 
known, by bisecting this interval, we obtain the moment of pass- 
ing the perihelion, which gives us the place of the planet in its 
orbit at a particular epoch. 

The amount of the greatest equation obviously depends on the 
eccentricity of the orbit, since it arises wholly from the departure 
of the ellipse from the figure of a perfect circle ; hence, the 
greatest equation affords the means of determining the eccentricity 
itself. In orbits of small eccentricity, as is the case with most 
of the planetary orbits, it is found that the arc which measures 
the greatest equation is very nearly equal to the distance between 
the foci,t which always equals twice the eccentricity, the eccen- 
tricity being the distance from the center to the focus. Conse- 
quently, 67^ 17' 44'^8t : rad.::half the greatest equation : the 
eccentricity. 



• Gregory's Astronomy , p. 197. f Vinco's Completo System, 1, 113. 

X The value of an arc equal to radius; for 3.14159 : 1 : : 180 : 57^ 17' 44''.8. 
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Tbe foregoiDg exfdanations of the methods of finding the ele- 
ments of the orbits, will serve in general to show the learner how 
these particulars are or may be ascertained, yet the methods actu- 
ally employed are usually more refined and intricate than these. 
Id astronomy scarcely an element is presented simple and un- 
mixed with others. Its value when first disengaged, must par- 
take of the uncertainty to which the other elements are subject ; 
and can be supposed to be settled to a tolerable degree of correct- 
ness, only after multiplied observations and many revisions.* 

So arduous has been the task of finding the elements of the 
planetary orbits. 

QUANTITT or MATTER IN TBE SDK AItI> PLANETS. 

378. It would seem at first view very improbable, that an in- 
habitant of this earth would be able to weigh the sun and plan- 
ets, and estimate the exact quantity of matter which they seve- 
rally contain. But the principles of Universal Gravitation conduct 
us to this result, by a process remarkable for its simplicity. By 
comparing the relations of a few elements that are known to us, 
we ascend to the knowledge of such as appeared beyond the pale 
of human investigation. We learn the quantity of matter in a 
body by the force of gravity it exerts. Let us see how this force 
is ascertained. 



379. Tbe quantities of matter in two bodies, may be found in 
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suOy by comparing the distance and periodic time of the moon, 

revolving around the earth, with the distance and periodic time of 

the earth revolving aromid the sun. For the cube of the moon's 

distance from the earth divided by the square of her periodic time, 

is to the cube of the earth's distance from the sun divided by the 

square of her periodic time, as the quantity of matter in the earth is 

^ .^ _ . 238545 » 95,000,000 » , 

to that m the sun. That is, -^-^r • "^5 256>~ • ' ^ * 363,386. 

The most exact determination of this ratio, gives for the mass of 
the sun 354,936 times that of the earth. Hence it appears that 
the sun contains more than three hundred and fifty four thou- 
sand times as much matter as the earth. Indeed the sun contains 
eight hundred times as much matter as all the planets. 

Another view may be taken of this subject which leads to the 
same result. Knowing the velocity of the earth in its orbit, we 
may calculate its centrifugal force. Now this force is counter- 
balanced, and the earth retained in its orbit, by the attraction of 
the sun, which is proportional to the quantity of matter in the 
sun. Therefore we have only to see what amount of matter is 
required in order to balance the earth's centrifugal force. Is is 
found that the earth itself or a body as heavy as the earth acting 
at the distance of the sun, would be wholly incompetent to pro- 
duce this effect, but that in fact it would take more than three 
hundred and fifty four thousand such bodies to do it. 

380. The mass of each of the other planets that have satellites 
may be found, by comparing the periodic time of one of its satel- 
lites with its own periodic times around the sun. By this means 
we learn the ratio of its quantity of matter to that of the sun. 
The masses of those planets which have no satellites, as Tenus 
or Mars, have been determined, by estimating the force of attrac- 
tion which they exert in distiu'bing the motions of other bodies. 
Thus, the effect of the moon in raising the tides, leads to a knowl- 
edge of the quantity of matter in the moon ; and the effect of 
Venus in disturbing the motions of the earth, indicates her quan- 
tity of matter.* 

* Thcfte cHtimateB are made by the moat profound invostigationi in La Placo'a 
Mccnniqtio Celeste, Vol. III. 
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381. The quantity of matter in bodies varies aa their magiiH 
tudea and densities conjointly. Hence, ^eir densUieg vary a> 
their masses divided by their magnitudes ; and since we knov 
the magnitudes of the planets, and can compute as above their 
masses, we can thus leam their densities, which, when reduced 
to a common standaid, give us their specific gravities, ot show as 
how much heavier they are than water. Worlds therefore are 
weighed with almost as much ease as a pebble » an article of 
merchandize. 

The densities and specific gravities of the sun, moon, and plan- 
ets, are estimated as follows :* 
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formity with the law of Universal Gravitatioa. Yenus and Mars, 
approaching as they do at times comparatively near to the earth, 
sensibly disturb its motions, and the satellites of the remoter 
jdanets greatly disturb each other's movements. 

STIBILITT OF THE SOLIR STSTEM. 

383. The derangement which the planets produce in the motion 
of one of their number will be very small in the course of one 
revolution ; but this gives us no security that the derangement may 
not become very large in the course of many revolutions. The 
cause acts perpetually, and it has the whole extent of time to 
work in. Is it not easily conceivable then that in the lapse of 
ages, the derangements of the motions of the planets may accu- 
mulate, the orbits may change their form, and their mutual dis- 
tances may be much increased or diminished ? Is it not possible 
that these changes may go on without limit, and end in the com- 
plete subversion and ruin of the system ? If, for instance, the 
result of this mutual gravitation should be to increase . considera- 
bly the eccentricity of the earth's orbit, or to make the moon 
approach continually nearer and nearer to the earth at every rev- 
olution, it is easy to see that in the one case, our year would 
change its character, producing a far greater irregularity in the 
distribution of the solar heat : in the other, our satellite must £Edl 
to the earth, occasioning a dreadful catastrophe. If the positions 
of the planetary orbits with respect to that of the earth, were to 
change much, the planets might sometimes come very near us, 
and thus increase the effect of their attraction beyond calculable 
limits. Under such circumstances we might have years of une- 
qual length, and seasons of capricious temperature ; planets and 
moons of portentous size and aspect glaring and disappearing 
at uncertain intervals ; tides like deluges sweeping over whole 
continents ; and, perhaps, the collision of two of the planets, 
and the consequent destruction of all organization on both of 
them. The fact really is, that changes are taking place in the 
motions of the heavenly bodies, which have gone on progres- 
sively from the first dawn of science. The eccentricity of the 
earth's orbit has been diminishing from the earliest observations 
to our times. The moon has been moving quicker from the time 
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of the firat recorded eclipses, and ia nov in adrance by AatA 
four times her own breadth, of That her own place would have 
been if it had not been affected by this acceleration. The obli- 
qoity of the ecliptic also, is in a state of diminution, and is now 
about two fifths of a degree less than it was in the time of Aiis- 
totle.* 

384 But amid so many seeming causes of inegularity, and 
ruin, it is worthy of grtieful notice, that e&ctual provision 
is made for the stabiUty of the solar system. The fiill confii^ 
matioD of this fact, is among the grand results of Physical As- 
tronomy. Newton did not undertake to demonstiate either the 
stability or instability of the system. The decision of this point 
required a great number of |ffeparatory steps and simphfications, 
and such progress in the invention and improvement of matbe- 
znatical methods as occui»ed the best mathematicians of Europe 
for the greater part of the last century. Towards the end of that 
time, it was shown by La Giange and La Place, that the arrange- 
ments of the solar system are stable ; that, in the long run, the 
orbits and motions remain onchanged ; and that the changes in 
the orbits, which take place in Sorter periods, never trangress 
certain very moderate limits. Each orbit undergoes deviations cm 
this side and on that side of its average state ; but these deviap 
tioQS are never very great, and it finally recovers from them, so 
that the average is preserved. The planets {Koduce perpetual 
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in orbits of small eccentricity, and but slightly inclined to each 
other, their secular irregularities are periodical and included within 
narrow limits ; so that the planetary system will only oscillate 
about a mean state, and will never deviate from it except by a 
very small quantity. The ellipses of the planets have been and 
always will be nearly circular. The ecliptic will never coincide 
with the equator ; and the entire extent of the variation in its 
inclination, cannot exceed three degrees. 

386. To these observations of La Place, Professor Whewell* 
adds the following on the importance, to the stability of the solar 
8]rstem, of the fact that those planets which have grecU masses 
have orbits of 9maU eccentricity. The planets Mercury and 
Mars, which have much the largest eccentricity among the old 
planets, are those of which the masses are much the smallest. 
The mass of Jupiter is more than two thousand times that of 
either of these planets. If the orbit of Jupiter were as eccentric 
as that of Mercury, all the security for the stability of the sys- 
tem, which analysis has yet pointed out, would disappear. The 
earth and the smaller planets might in that case change their nearly 
circular orbits into very long ellipses, and thus might fall into the 
sun, or fly off into remote space. It is further remarkable that in 
the newly discovered planets, of which the orbits are still more 
eccentric than that of Mercury, the masses are still smaller, so 
that the same provision is established in this case also. 



CHAPTER XIII. 

or COMETS. 

386. A CoMET,t when perfectly formed, consists of three parts, 
the Nucleus, the Envelope, and the Tail. The Nucleus^ or body 
of the comet, is generally distinguished by its forming a bright 
point in the center of the head, conveying the idea of a solid, or 

* Bridgcwatcr Treatises, p. 131. See alto Playfair's Outlines, 2, 290. 
\ x6fdTj ctnna, from the bearded appearance of comets. 
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at least of a very dense portion of matter. Though it is usaallf 
exceedingly small when compared with the other parts of the 
comet, yet it sometimes subtends an angle capable of being meas- 
med by the telescope. The Enveiope, (sometimes called the coma) 
is a dense nebulous covering, which irequeatly renders the edge 
of the nucleus so indistinct, that it is extremely difficult to ascei- 
tain its diameter with any degree of precision. Many comets 
have no nucleus, but jsesent only a nebulous mass extremely 
attenuated on the confines, but gradually increasing in density 
towards the center. Indeed there is a regular gradation of com- 
ets, from such as are composed merely of a gaseous or vapory 
medium, to those which have a well defined nucleus. la some 
instances on record, astronomers have detected with their tel^ 
scopes small stars through the densest part of a comet 

The Tail is regarded as an expansion or jvolongation of the 
coma ; and, presenting as it sometimes does, a train of appalling 
magnitude, and of a pale, disastrous light, it confers on this class 
of bodies their peculiar celebrity. 

387. The number of comets belonging to the solar system, is 
probably very great. Many, no doubt, escape observation by 
being above the horizon in the day time. Seneca mentions, that 
during a total eclipse of the son, which happened 60 years before 
the Christian era, a la^e and splendid comet suddenly made its 
appearance, being very near the sun. The elements of at least 
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comet (the same which re-appeared in 1735) is distinguished as 
that whose return was first successfully predicted, and whose 
orbit is best determined ; and Biela's and Encke's comets are well 
known, for their short periods of revolution, which subject them 
frequently to the view of astronomers. 

388. In magnitude and brightness comets exhibit a great di- 
versity. History informs us of comets so bright as to be distinctly 
visible in the day time, even at noon and in the brightest sunshine. 
Such was the comet seen at Rome a little before the assassination 
of JuUus Csesar. The comet of 1680 covered an arc of the 
heavens of 97^, and its length was estimated at 123,000,000 
miles.* That of 1811, had a nucleus of only 428 miles in di- 
ameter, but a tail 132,000,000 miles long.f Had it been coiled 
around the earth like a serpent, it would have reached round 
more than 5,000 times. Other comets are of exceedingly small 
dimensions, the nucleus being estimated at only 25 miles ; and 
some which are destitute of any perceptible nucleus, appear to 
the largest telescopes, even when nearest to us, only as a small 
speck of fog, or as a tuft of down. The majority of comets can 
be seen only by the aid of the telescope. 

The same comet, indeed, has often very different aspects, at its 
different returns. Halley's comet in 1305 was described by the 
historians of that age, as cameta horrendm tnagnitudinis ; in 
1456 its tail reached from the horizon to the zenith, and inspired 
such terror, that by a decree of the Pope of Rome, public prayers 
were offered up at noon-day in all the Catholic churches to dep- 
recate the wrath of heaven, while in 1682, its tail was only 30^ 
in length, and in 1759 it was visible only to the telescope, until 
after it had passed its perihelion. At its recent return in 1835, 
the greatest length of the tail was about 1 2^.% These changes in 
the appearances of the same comet are partly owing to the dif- 
ferent positions of the earth with respect to them, being some- 
times much nearer to them when they cross its track than at oth- 
ers ; also one spectator so situated as to see the coma at a higher 



* Arago. f Milno's Prize Eway on Coraeti. 

\ But might bo loen muck longer by indirect vision. (Prof. Joslitif Am. Jour. 
Science, 31, 328.) 



angle of elevation or in a purer sky than another, will see the 
train longer than it appears to another less favorably situated ; but 
the extent of the changes are such as indicate also a real change 
in theii magnitude and brightness. 

389. The periods of comets in their revolutions atound the 
sun, are equally various. Encke's comet, which has the shortest 
known period, completes its revolution in 3^ years, or more accu- 
rately, in 1208 days ; while that of 1811 is estimated to have a 
period of 3383 years.* 

390. The distanceM to which different comets recede from the 
sun, are also very various. While Encke's comet performs its 
entire revolution within the orbit of Jupiter, Halley's comet re- 
cedes from the suQ to twice the distance of Uranus, or nearly 
3600,000,000 miles. Some comets, indeed, are thought to go 
to a much greater distance from the sun than this, while some 
even are supposed to pass into parabolic or hyperbolic orbits, and 
never to return. 

391. Comets shine by refieding the lighi of ike sun. In one 
or two instances they have exhibited distinct phaae8,\ although 
the nebulous matter with which the nucleus is surrounded, would 
commonly prevent such phases from being distinctly visible, even 
when they would otherwise be apparent. Moreover, certain qual- 
ities of polarized light enable the optician to decide whether the 
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The tails of comets extend in a direct line from the sun, al- 
though they are usually more or less curved, like a long quill or 
feather, being convex on the side next to the direction in which 
they are moving ; a figure which may result from the less ve- 
locity of the portions most remote from the sun. Expansions 
of the Envelope have also been at times observed on the side 
next the sun,* but these seldom attain any considerable length. 

393» The quantity of matter in comets is exceedingly smalL 
Their tails consist of matter of such tenuity that the smallest 
stars are visible through them. They can only be regarded as 
great masses of thin vapor, susceptible of being penetrated 
through their whole substance by the sunbeams, and reflecting 
them alike from their interior parts and from their surfaces. It 
appears, perhaps, incredible that so thin a substance should be vis- 
ible by reflected Ught, and some astronomers have held that the 
matter of comets is self-luminous ; but it requires but very little 
light to render an object visible in the night, and a Ught vapor 
may be visible when illuminated throughout an immense stratum, 
which could not be seen if spread over the face of the sky like a 
thin cloud. From the extremely small quantity of matter of 
these bodies, compared with the vast spaces they cover, Newton 
calculated that if all the matter constituting the lai^st tail of a 
comet, were to be compressed to the same density with atmos- 
pheric air, it would occupy no more than a cubic inch.f This is 
incredible, but still the highest cbuds that float in our atmos- 
{diere, must be looked upon as dense and massive bodies, com- 
pared with the fllmy and all but spiritual texture of a comet.;!: 

394 The small quantity of matter in comets is proved by 
the fact that they have sometimes pcLssed very near to some oj 
the planets without disturbing their motions in any appreciable 
degree. Thus the comet of 1770, in its way to the sun, got en- 
tangled among the satellites of Jupiter, and remained near them 



* See Dr. Jo«lin*i remarks on Halloy*B comct| Amer. Jour. Science, Vol. 31. 
t Principia, Hi, 41. X Sir J. Herachel. 
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four months, yet it did not perceptibly cbasge their motions. 
The same comet also came very near the earth ; so near, that, 
bad its mass been equal to that of the earth, it would have caused 
the earth to revolve in an orbit so much larger than at present, 
as to have increased the length of the year 2h, 47m.* Yet it 
int>duced no senuble effect on the length of the year, and then- 
fore its mass, as is shown by Xa Place, could not have exceeded 
,,'iT o£ that of the earth, and might have been leas than this to 
any extent. It may indeed be asked, what proof we have that 
comets have any matter, and are not mere reflexions of light 
The answer is that, although they are not able by their own 
force of attraction to disturb the motions of the [daneta, yet they 
are themselves exceedingly disturbed by the action of the plan- 
ets, and in exact conformity with the laws of universal giavi- 
tation. A delicate compass may be greatly agitated by the vi- 
cinity of a mass of iron, while the iron is not sensibly affected 
by the attraction of the needle. 

By approaching very near to a large ^aaet, a comet may 
have its orbit entirely changed. This fact is strikingly exem- 
plified in the history of the comet of 1770. At its a^^ieanmce 
in 1770, its orbit was found to be an eUipse, requiring for a 
complete revolution only S^ years ; and the wonder was, that 
it had not been seen before, since it was a very lai^ and 
bright comet. Astronomers suspected that its path had been 
changed, and that it had been recently compelled to move in 
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result showed that it then moved in an ellipse of greater extent, 
having a period of 50 years, and having its perihelion instead of 
its aphelion near Jupiter. It was therefore evident why, as long 
as it continued to circulate in an orbit so far from the center of 
the system, it was never visible from the earth. In January 
1767, Jupiter and the comet happened to be very near one an- 
other, and as both were moving in the same direction, and nearly 
in the same plane, they remained in the neighborhood of each 
other for several months, the planet being between the comet 
and the sun. The consequence was, that the comet's orbit was 
changed into a smaller ellipse, in which its revolution was ac- 
complished in 5i years. But as it was approaching the sun in 
1779, it happened again to fall in with Jupiter. It was in the 
month of June, that the attraction of the planet began to have 
a sensible effect ; and it was not until the month of October fol- 
lowing that they were finally separated. 

At the time of their nearest approach, in August, Jupiter was 
distant from the comet only ^^y of its distance from the sun, and 
exerted an attraction upon it 225 times greater than that of the 
sun. By reason of this powerful attraction, Jupiter being farther 
from the sun than the comet, the latter was drawn out into a new 
orbit, which even at its perihelion came no nearer to the sun 
than the planet Ceres. In this third orbit, the comet requires 
about 20 years to accomplish its revolution ; and being at so great 
a distance from the earth, it is invisible, and will forever remain 
80 unless, in the course of ages, it may undergo new perturbations, 
and move again in some smaller orbit as before,* 

ORBFTS AND MOTIONS OF COMETS. 

396. The planets, as we have seen, (with the exception of the 
four new ones, which seem to be an intermediate class of bod- 
ies between planets and comets,) move in orbits which are nearly 
circular, and all very near to the plane of the ecliptic, and all 
move in the same direction from west to east. But the orbits of 
comets are far more excentric than those of the planets ; they are 



Milae. 



iDclined to the ecliptic at varkNu angles, being aometimef enn 
neariy peipendicalar to it ; and the motioaB of cometa are Ktiie- 



39& The Elements of a comet are fire, viz. (1) TheperiM- 
w» dittanee; (2) Imgtitide of the perihekon; (3) lengituia of 
the node; (A)mcimalienoftheorbU; {$) time of the perihetim 



The investigatioii of these eletoenta is a problem extremely 
intricate, requiring for its Kilution, a akilM and laboriooB ^qrfio- 
tioD of the most refined analy«i. Nevton himself, ptonoanced 
it Problema bmge dijicilimum ; and with all the advantages of 
the most improved state of science, the detemiinalion of a comefi 
oibit is considered one of the most comjdicated problems in aatroo- 
omy. This difficulty arises from seraaldrcumslancespecnliar to 
comets. In tbe,^t place, from the elongated form of the orbitt 
which these bodies describe, it is dorii^ only a very small portion of 
their cooise, that they are visible from the earth, and the obsemr 
tions made in that short period, cannot afterwards be verified m 
mora convenient occasiou ; whereas in the case of the planets^ 
whose orlHtsaraneailyciiaiiar, and whose movcoients may be fol- 
lowed unintOTuptedly throughout a cnnplete revolotioa, no such 
impediments to the determination of their orbits ooenr. In the 
second place, then are many comets which move in a diiecti<m 
opposite to the order of the signs in the zodiac, snd sometiaies 
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On account of these circumstances, it is found exceedingly dif- 
ficult to lay down the path which a comet actually follows 
through the whole system, and least of all, possible to ascertain 
with accuracy, the length of the major axis of the ellipse, and 
consequently the periodical revolution.* An error of only a few 
seconds may cause a difference of many hundred years. In this 
manner, though Bessel determined the revolution of the comet of 
1769 to be 2089 years, it was found that an error of no more than 
6^ in observation, would alter the period either to 2678 years, or 
to 1692 years. Some astronomers, in calculating the orbit of the 
great comet of 1680, have found the length of its greater axis 
426 times the earth's distance from the sun, and consequently its 
period 8792 jeaxs ; whilst others estimate the greater axis 430 
times the comet's distance, which alters the period to 8916 years. 
Newton and Halley, however, judged that this comet accomr* 
plished its revolution in only 570 years. 

397. Disheartened by the difficulty of attaining to any pre- 
cision in that circumstance, by which an elliptic orbit is charac- 
terized, and, moreover, taking into account the laborious calcula- 
tions necessary for its investigation, astronomers usually satisfy 
themselves with ascertaining the elements of a comet on the sup- 
position of its describing a parabola; and, as this is a curve 
whose axis is infinite, the procedure is greatly simplified by 
leaving entirely out of consideration, the periodical revolution. It 
is true that a parabola may not represent with mathematical strict- 
ness the course which a comet actually follows ; but as a para- 
bola is the intermediate curve between the hyperbola and ellipse, 
it is found that this method, which is so much more convenient 
for computation, also accords sufficiently with observations, ex- 
cept in cases when the ellipse is a comparatively short one, as 
that of Encke's comet, for example. 

398. The elements of a comet, with the exception of its peri- 
odic time, are calculated in a manner similar to those of the plan- 



* For when we know the length of the major axis, we can find the periodic 
time by Kcpler'a law, which appliea aa well to comets as to planets. 



ets. Three good obserrations on the right ascension and decli- 
nation of the comet (which are usually found by ascertaining its 
position with respect to certain stars, whose right ascensioDB and 
declinations are accurately known] afford the means of calcu- 
lating these elements. 

The appearance of the same comet at different periods of its 
return are so various, (Art 388,) that we can never pronounce a 
given comet to be the same with one that has appeared before, 
from any peculiarities in its pfayacal aspect. The identity ctf a 
comet with one already on record, is determined by the identity 
of the elements. It was by this means that Halley first estab- 
lished the identity of the comet which beats his name, with one 
that had appeared at several preceding ages of the world, of which 
so many particulars were left on record, as to enable him to cal- 
culate the elements at each period. These were as in the follow- 
ing table. 
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On comparing these elements, no doubt could be entertained 
that they belonged to one and the same body ; and since the in- 
terval between the successive returns was seen to be 7S or 76 
Halley ventured to predict that it would e 
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399. The return of Halley's comet in 1835, was looked for 
with no less interest than in 1759. Several of the most accu- 
rate mathematicians of the age had calculated its elements with 
inconceivable labor. Their zeal was rewarded by the appearance 
of the expected visitant at the time and place assigned ; it trav- 
ersed the northern sky presenting the very appearances, in most 
respects, that had been anticipated ; and came to its perihelion 
on the 16th of November, within two days of the time prescribed 
by Pontecoulant, a French mathematician who had, it appeared, 
made the most successful calculation.* On its previous return, 
it was deemed an extraordinary achievement to have brought the 
prediction within a month of the actual time. 

Many circumstances conspired to render this return of Halley's 
comet an astronomical event of transcendent interest. Of all the 
celestial bodies, its history was the most remarkable ; it afforded 
most triumphant evidence of the truth of the doctrine of universal 
gravitation, and of course of the received laws of astronomy ; and 
it inspired new confidence in the power of that instrument, (the 
Calculus,) by means of which its elements had been investigated. 

400. Encke's comet, by its frequent returns, affords peculiar 
facilities for ascertaining the laws of its revolution ; and it has 
kept the appointments made for it, with great exactness. On its 
late return ( 1839) it exhibited to the telescope a globular mass of 
nebulous matter, resembling fog, and moved towards its perihel- 
ion with great rapidity. 

But what has made Encke's comet particularly famous, is its 
having first revealed to us the existence of a Resisting Medium 
in the planetary spaces. It has long been a question whether 
the earth and planets revolve in a perfect void, or whether a fluid 
of extreme rarity may not be diffused through space. A perfect 
vacuum was deemed most probable, because no such effects on 
the motions of the planets could be detected as indicated that 
they encountered a resisting medium. But a feather or a lock of 
cotton propelled with great velocity, might render obvious the 



* See Professor Loomis's Observations on Halley's Comot, Amer. Jour. Science, 
30.209. 
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tesistuicd of a mediam vbich would not be perceptible in the 
motions of a cannoD ball. Accordingly, Encke'a comet is tbougbt 
to hare {dainly suffered a retardation from encountering a resial- 
ing medium in tbe planetary r^ions. The effect of this resist- 
ance, from the first discovery of the ccnnet to the present time, 
baa been to diminish the time of its rerolntion about two days. 
Such a resistance by destroying a part of the projectile force, 
would cause the comet to approach nearer to the sun, and thus to 
hare its periodic time shortesed. The ultimate effect of this 
cause will be to bring the comet nearer to the aun at erery lero- 
lution, until it finally falls into that luminary, although many 
thousand years will be required to {voduce this catastrophe.* It 
is conceivable, indeed, Uiat the effects of such a resistance may 
be counteracted by the attraction of one or more of the jdanets 
near which it may pass in its successire retunis to the son. 

401. it ifi peculiarly interesting to see a portion of matter of a 
tenuity exceediog the thinnest fog, pursuing its path in space, in 
obedience to the same laws as those which rM;ulate such lai^e 
and heavy bodies as Jupiter or Saturn. In a perfect void, a 
speck of fog if propelled by a suitable projectile force would re- 
votve around the sun, and hold on its way throv^ the widest 
orbit, with as sure and steady a pace as the heaviest and largest 
bodies in the system. 
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proacfaed 166 times nearer the sun thaii the earth, being only 
130,000 miles from the sor&ce of the sun.* The heat which 
it must have received, was estimated to be equal to 28,000 times 
that which the earth receives in the same time and 2000 times 
hotter than red hot iron. This temperature would be sufficient 
to volatalize the most obdurate substances, and to expand the 
TBpor to vast dimensions ; and the opposite effects of the extreme 
cold to which it would be subject in the regions remote from the 
son, would be adequate to condense it into its former volume. 

This explanation however, does not account for the direc- 
tion of the taU, extending as it usually does, only in a line op- 
posite to the sun. Some writers therefore, as Delambre, suppose 
that the nebulous matter of the comet after being expanded to 
snch a volume, that the particles arid no longer attracted to the 
nucleus unless by the slightest conceivable force, are carried off 
in a direction from the sun, by the impulse of the solar rays them- 
selves.! But to assign such a power of communicating motion 
to the sun's rays while they have never btan proved to have aiiy 
momentum, is unphilosophical ; and we are compelled to place 
the phenomena of comets' taUs among the points of astronomy 
yet to be explained. 

403. Since those comets which have their perihelion very 
near the sim, like the comet of 1680, cross the orbits of all 
the planets, the possibility that one of them may strike the 
earthy has frequently been suggested. Still it may quiet our ap- 
prehensions on this subject, to reflect on the vast extent of the 
planetary spaces, in which these bodies are not crowded together 
as we see them erroneously represented in orreries and diagrams, 
but are sparsely scattered at immense distances from each other. 
They are like insects flying in the expanse of heaven. If a com- 
et's tail lay with its axis in the plane of the ecliptic when it was 
near the sun, we can imagine that the tail might sweep over 
the earth ; but the tail may be situated at any angle with the eclip- 
tic as well as in the same plane with it, and the chances that 
it will not be in the same plane, are almost infinite. It is also 



* See Principia, Lib. iii, 41. t Delambre*! Aftronomy, t. 3, p. 401. 
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extremely improbable that a comet will cross the plane of the 
ecliptic pcecisely at the earth's path in that plane, since it may as 
[Kobably cross it at any other point, nearer or more remote from the 
snn. Still some comets have occasionally ap]voacbed near to 
the earth. Thus Biela's comet in returning to the sun in 1832, 
ciossed the ecliptic rery near to the earth's track, and had the 
«arth been then at that pcAnt of its orbit, it ought have peGeed 
through a portion of the nebulous atmosphere of the comet 
The earth was within a month of reaching that point This 
might at first view seem to involve some hazard ; yet we must 
consider that a month short implied a distance of nearly 60,000,000 
miles. Ia Place has assigned the consequences that would 
ensue in case of a direct collision between the earth and a comet ,■* 
but terrible as he has represented them on the supposition that 
the nucleus of the comet is a solid body, yet considering a comet 
(as most of them doubtless are) as a mass of exceedingly light 
nebulous matter, it is not probable, even were the earth to make 
its way directly throogh a comet, that a perficle of the comet 
would reach the earth. The portions encountered by the earth, 
would be arrested by the atmos|^ere, and probably inflamed ; 
and they would perhaps exhibit on a more magnificent scale 
than was ever before observed, the phenomena of shooting stars, 
ot meteoric showers. 
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PART m.— OF THE FIXED STARS AND SYSTEM OF 

THE WORLD. 



CHAPTER I. 



OF THE riXKD STABS— CONSTELLATIONS. 

404. The Fixed Stars are so called, because, to common ob- 
seiYi^tion, they always maintain the same situations with respect 
to one another. 

The stars are classed, by their apparent magnihtdes. The 
whole number of magnitudes recorded are sixteen^ of which 
the first six only are visible to the naked eye ; the rest are tele- 
scopic stars. These magnitudes are not determined by any very 
definite scale, but are merely ranked according to their relative 
degrees of brightness, and this is left in a great measure to the 
decision of the eye alone, although it would appear easy to meas- 
ure the comparative degree of light in a star by a photometer, 
and upon such measurement to ground a more scientific classifi- 
cation of the stars. The brightest stars to the number of 15 or 
20 are considered as stars of the first magnitude ; the 60 or 60 
next brightest, of the second magnitude ; the next 200 of the 
third magnitude ; and thus the number of each class increases 
rapidly as we descend the scale, so that no less than fifteen or 
twenty thousand are included within the first seven magnitudes. 

406. The stars have been grouped in Constellations from the 
most remote antiquity : a few, as Orion, Bootes, and Ursa Major, 
are mentioned in the most ancient writings under the same names 
as they bear at present. The names of the constellations are 
sometimes founded on a supposed resemblance to the objects to 
which the names belong ; as the Swan and the Scorpion were 
evidently so denominated from their likeness to those animals ; 
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but in most cases it is impossible for tis to find any reason tot 
designating a constellation by the figure of the animal or the 
hero which is employed to re{»v8ent it. These repfeseut^oDi 
were probably once blended with the fiiblea of pagan mythology. 
The same figures, absurd as they a^qiear, are still retained fw the 
convenience of reference ; since it is easy to find any particular 
star, by fipecifying the port of the figure to which it belooga, 
as when we say a star is in the neck of Taurus, in the knee of 
Hercules, or in the tail of the Great Bear. This method fiir- 
niahes a general clue to its position ; but the stars belonging to 
any constellation an distinguished accwding their qiparent mi^- 
nitudes as follows: — first, by the Greek letters, Alpha, Beta, 
Gamma, 6cc. Thus a Ononis, denotes the lai^est star in Oiion, ^ 
Andromedee, the second star in Andromeda, and y l^eoms, the third 
brightest star in the Lion. Where the number of the Greek let- 
ters is insufficient to include all the stars in a constellation, re- 
course is had to the letters of the BAman alphabet, a, b, c, iLC ; 
and, in cases where these are exhausted, the final resort is to nunt- 
bers. This is evidently necessary, since the largest constellations 
contain many hundreds or even thousands of stars. Cataiogwa 
of particular eOars have also been ^blisbed by difiiarent astron- 
omers, each author numbering the individual stars embraced in 
bis list, according to the places they respectively occupy in the 
catalogue. These references to particular catalogues are some- 
times entered on large celestial globes. Thus we meet with a star 
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mnch greater than this; but it is found that the catalogue of 
Hipparchus, embraces nearly all that can now be seen in the 
same latitude, and that on the equator, when the spectator 
has the northern and southern henusi^res both in view, the 
number of stars that can be counted does not exceed 3000. 
A careless view of the firmament in a clear night, gives us the 
impression of an infinite multitude of stars ; but when we begin 
to count them, they appear much more sparsely distributed than 
we supposed, and large portions of the sky appear almost desti- 
tute of stars. 

By the aid of the telescope, new fields of stars present them- 
selves of boundless extent ; the number continually augmenting 
as the powers of the telescope are increased Lalande, in his 
Histoire Celesta, has registered the positions of no less than 
60,000 ; and the whole number visible in the largest telescopes 
amount to many millions. 

407. It is strongly recommended to the learner to acquaint 
himself with the leading constellations at least, and with a few 
of the most remarkable individual stars. The task of learning 
them is comparatively easy, and hardly any kind of knowledge, 
attained with so little labor, so amply rewards the possessor. It 
will generally be advisable, at the outset, to get some one already 
acquainted with the stars, to point out a few of the most con- 
spicuous constellations, those of the Zodiac for example ,* the 
learner may then resort to a celestial globe,* and fill up the out- 
Une by tracing out the principal stars in each constellation as there 
laid down. By adding one new constellation to his list every 
night, and reviewing those already acquired, he will soon become 
familiar with the stars, and will greatly augment his interest and 
improve his intelligence in celestial observations and practical as- 
tronomy. 

CONSTELLATIONS. 

408. We will point out particular marks by which the lead- 
ing constellations may be recognized, leaving it to the learner, af- 



* For the method of rectifying the globe lo u to represent the appearanca of the 
heavena on any particular eTening, aee page 96, Prob. 76. 
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ter he has found a constellatioD, to trace ont additional memben 
of it by the aid of the celestial globe, or bf maps of the atait. 
Let tu begin with the ConstdlalionM of tks ZodtaCj which loc- 
ceeding each other aa they do in a known order, are most easly 
found. 

Abieb (The Rui) ia a small constellation, known by two 
bright stars which form hiK head, a and I? jlr*e<w. These two stars 
are three degrees* apart, and direcUy south of |I at the distance fd 
one degree, is a smaller star, y Arietta. It has been already inti- 
mated (Art. 193) that the vernal equinox probably was near the 
head of Aries, when the signs of the Zodiac received the present 
names. 

Tadiuts (The Boll) will be readily found by the seven stais 
or Pleiades, which lie in his neck. The largest star in Tauius 
is Alddaran, is the Bull's eye, a star of the first iQag;nitude, of 
a reddish color somewhat resembling the planet Mars. Alde- 
baran and four other stars in the fiice of Taurus, compose the 
Hyades. 

Gemini (The Twins) is known by two very bright stars. Cas- 
tor and Pollux, foar degrees asunder. Castor (the northern) is ot 
the first, and Pollux of the second magnitude. 

Cancer (The Cbab). There are no lai^e stars ia this consteir 
lation, and it is regarded as less remarkable than any other in the 
Zodiac. It contains however an interesting group of small stars, 
called PrcBsepe or the Nebula of Cancer, which resembles a comet, 
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YiBGO (The Yntoni) extends a consideiable way from west to 
east, but contains only a few bright stars. Spicuj however is a 
star of the first magnitude, and lies very near the place of the 
autunmal equinox. Four degrees eastward of Spica, and six de- 
grees south of Denebola, is Vindemiairixy in the head of Yirgo, a 
star of the third magnitude. 

Libra (The Balance) is distinguished by three large stars, of 
which the two brightest constitute the beam of the balance, and 
the smallest forms the top or handle. 

Scorpio (The Scorpion) is one of the finest of the constella- 
tions. His head is formed of five bright stars arranged in the 
arc of a circle, which is crossed in the center by the ecliptic 
nearly at right angles, near the brightest of the five, P Scorpianis. 
Four degrees southeast of this, is a remarkable star of the first 
magnitude, of a reddish color, called Cor ScorpioniSy or Antctres. 
South of this a succession of bright stars sweep round towards 
the east, terminating in several small stars, forming the tail of 
the Scorpion. 

Sagittarius (The Archer). North^ust of the tail of the Scor- 
pion, are three stars in the arc of a circle which constitute the bow 
of the Archer, the central star being the brightest, directly west 
of which is a bright star which forms the arrow. 

Capricornus (The Goat) lies northeast of Sagittarius, and is 
known by two bright stars, two degrees apart, which form the 
head. 

AquARius (The Water Bearer) is recognized by two stars 
in a line with a Capricomiy forming the shoulders of the figure. 
These two stars are 10^ apart, and 3^ southeast is a third star, 
which together with the other two, makes an acute triangle, of 
which the westernmost is the vertex. 

Pisces (The Fishes) lie between Aquarius and Aries. They 
are not distinguished by any large stars, but are connected by a 
series of small stars, that form a crooked line between them. 
Pisds Ausiralis, the Southern Fish, lies directly below Aqua- 
rius, and is known by a single bright star far in the south, having 
a declination of 30^. The name of this star is Fomalhaui, and 
is much used in astronomical measurements. 
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409. The Constellationa of the Zodiac, bcdng first well learned, 
BO as to be readily recogaixei, will facilitate the leamiag of oth- 
ers that lie north and south of them. Let ns therefore next ro- 
view the principal Nortkem ConatdlaHotu, beginning north of 
Aries and proceeding from west to east. 

Andromeda, is characterised by three stars of the second mag- 
Ditude, situated in a straight line, extending from west to east. 
The middle star is about 17° north of ^ Ari^is. It is in the 
girdle of Andromeda, and is named Sfirach. The other two lie 
at about equal distances, 14° west and east of Mirach. ' The 
western star, in the head of Andromeda, liea in the Equinoctial 
Colure. The eastern star, Alamak, is situated in the foot 

PiBSECS lies directly north of the Pleiades, and contains aer- 
eral bright stars. About 18° from the Pleiades is ^gvl, a star 
of the second magnitude, in the Head of Medusa, which forms a 
part of the figure ; and 8° north of Algol is Algenib, of the same 
magnitude in the breast of Perseus. Between Algenib and the 
Pleiades are three bright stars, - at nearly equal intervals, which 
compose the right leg of Perseus. 

Auriga (the Waooneb) lies directly east of Perseus, and extends 
nearly parallel to that constellation from north to south. Ct^uOi 
a very white and beautiful star of the first m^nitude, distin- 
guishes this constellation. The feet of Auriga are near the Bull's 
Horns. 

The Ltkx comes next, but presents nothing particularly inter- 
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CoBONA BoBEALis (The Cbown) which is situated to the N. E. 
of Bootes, is very easily recognized, composed as it is of a semi- 
circle of bright stars. In the center of the bright crown, is a 
star of the second magnitude, called^emma / the remaining stars 
are all much smaller. 

Hercules, lying between the Crown on the west and the L3rre 
on the east, is very thick set with stars, most of which are quite 
small. The Constellation covers a great extent of the sky, es- 
pecially from N. to S., the head terminating within 16^ of the 
equator, and marked by a star of the third magnitude, called Rag" 
algethij which is the largest in the Constellation. 

Ophiucus is situated directly south of Hercules, extending 
some distance on both sides of the equator, the feet resting on the 
Scorpion. The head terminates near the head of Hercules, and 
like that, is marked by a bright star within 6^ of a HercuUs. 
Ophiucus is represented as holding in his hands the Serpent, the 
head of which, consisting of three bright stars, is situated a little 
south of the Crown. The folds of the serpent will be easily fol- 
lowed by a succession of bright stars which extend a great way 
to the east. 

AquiLA (The Eagle) is conspicuous for three bright stars in its 
neck, of which the central one, AltatTj is a very brilliant white 
star of the first magnitude. Antinous lies directly south of the 
Eagle, and north of the head of Capricomus. 

Delphinus (The Dolphin) is a small but beautiful Constella- 
tion, a few degrees east of the Eagle, and is characterized by four 
bright stars near to one another, forming a small rhombic square. 
Another star of the same magnitude 6^ south, makes the tail. 

Pegasus lies between Aquarius on the south and Andromeda 
on the north. It contains but few largo stars. A very regular 
square of bright stars is composed of a AndromedcB, and the three 
largest stars in Pegasus, namely, Schcaty Markab, and Algenih, 
The sides composing this square are each about 15^. Algenib 
b situated in the equinoctial colure. 

410. We may now review the CansteUaiians which surrcund 

the North Pole^ within the circle of perpetual apparition. (Art. 

64) 
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Ubsa Hnron (The Little Bear) lies nearest the pole. Tbe 
Pole-star, Polaria, is in tbe extremity of the tail, and is of tbe 
third magnitude. Three stais in a straight line 4° or 5° apart, 
commencing vitb tbe Pole-star, lead to a trapezium of four stars, 
and the whole seven form together a dipper, the tn^iezium beii^ 
the body, and the three stars the handle. 

Ursa Major (Tbe Great Bear) is sitoated between the pole 
and tbe Lesser Lion, and is usually recognized by the figure of a 
lai^r and mora perfect di{^r, which constitutes the hinder part 
of the animal. This has also seven stars, four in the body of the 
dipper, and three in the handle. All these are stars of much ce- 
lebrity. The two in the western side of the dipper, a and ?, 
are called Pointers, on account of their always being in a 
right line with the Pole-star, and therefore affording an easy 
mode of finding that. Tbe first star in the tail, next the body, 
is named Atioth, and tbe second Mizar. The head of the Great 
Bear lies far to the westward of the Pointers, and ia composed of 
numerous small stars ; and the feet are severally cmnposed of two 
small stars very near to each other. 

Draco (Tbe Dragon) winds round between the Great and 
Little Bear ; and commencing with tbe tail, between the Pointeiv 
and the Pole-star, it is easily traced by a succession of bright stars 
extending Irom west to east, passing under Ursa Minor, it retnma 
westward, and terminates in a triangle which fomts the head of 
Draco, near the feet of Hercules, northwest of Lyra. 
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Ltra (The Ltbe) is directly west of the Swan, and is easily 
distinguished by a beautiful white star of the first magnitude, « 

41 1. The Southern Canstdlationa are comparatiyely few in 
number. We shall notice only the Whale, Orion, the Greater 
and Lesser Dog, Hydra, and' the Crow. 

Cetus (The Whale) is distinguished rather for its extent than 
its brilUancy, reaching as it does through 40^ of longitude, while 
none of its stars except one, are above the third magnitude. 
Menkar{a Ceti) in the mouth, is a star of the second magnitude, 
and several other bright stars directly south of Aries, mark the 
head and neck of the Whale. Mira (o Ceti) in the neck of the 
Whale, is a variable star. 

Orion is one of the largest and most beautiful of the constel- 
lations, lying southeast of Taurus. A cluster of small stars form 
the head ; two large stars, Betaigeus of the first and Bellatrix 
of the second magnitude, make the shoulders ; three more bright 
stars compose the buckler, and three the sword ; and Rigel, an- 
other star of the first magnitude, makes one of the feet. In this 
Constellation there are 70 stars plainly visible to the naked eye, 
including two of the first magnitude, four of the second, and 
three o£ the third. 

Canis Major lies S. E. of Orion, and is distinguished chiefly 
by its containing the largest of the fixed stars, Sirius. 

Canis Minor a little north of the equator, between Canis Ma- 
jor and Gemini, is a small Constellation, consisting chiefly of two 
stars, of which Pracyon is of the first magnitude. 

Htdra has its head near Procyon, consisting of a number of 
stars of ordinary brightness. About 16^ S. E. of the head, is a 
star of the second magnitude, forming the heart, (Cor Hydra) ; 
and eastward of this, is a long succession of stars of the fourth 
andl&fth magnitudes composing the body and the tail, and reach- 
ing as far as a few degrees south of Spica Yirginis. 

CoRvus (The Crow) is represented as standing on the tail of 
Hydra. It consists of small stars, only three of which are as 
large as the third magnitude. 
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412. The ibregoii^ brief sketch is designed meielp to aid the 
student in JiiuUng the principal coostellations and the largest 
fixed stars. When we hare once learned to nco^mt» a constel- 
lation by some chamcterietic marks, ve may afierwardx fill jap 
the outline by the aid of a celestial globe or a map of the atan. 
It will be of Uttle avail however, merely to commit this sketch 
to memory ; but it will be very useful for the student at once to 
render himself tamiliar with it, &om the actual specimens which 
every clear evening presents to his view. 



CHAPTER II. 



CLtJSTEBS or STABS ^NIXULX — ^VASIABLE STABS TSHrOKiJtT 

STABS — ^DOUBLE STABS. 



413. In various parts of the firmament are seen large groups or 
dusters, which, either by the naked eye, or by the aid of the small- 
est telescope, are perceived to consist of a great number of small 
stars. Such ore the Beiades, Coma Berenices, and Prssepe or the 
Bee-hive, in Cancer. The Pleiades, or Seoen Stars, as they are 
called, in the' neck of Taurus, is the most conspicuous cluster. 
When we look directly at this group, we caimot distinguish 
more than six stars, but by turning the eye sidewa\ 
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414 NebukB are those faint misty appearances which resem- 
ble comets, or a small speck of fog. The Galaxy or Milky Way 
presents a continued succession of large nebulse. A very remark- 
able Nebula, visible to the naked eye, is seen in the girdle of An- 
dromeda. No powers of the telescope have been able to resolve 
this into separate stars. Its dimensions are astonishingly great. 
In diameter it is about !&. The telescope reveals to us innu- 
merable objects of this kind. Sir William Herschel has given 
catalogues of 2000 Nebuke, and has diown that the nebulous 
matter is diitiibuted through the immensity of space in quantities 
inconceivably great, and in separate parcels of all shapes and 
sizes, and of all degrees of Inrightness between a mere milky ap- 
pearance and the condensed light of a find star. Finding that 
the gradations between the two extremes were tolerably regular, 
he thought it probable that the nebulse form the materials out of 
which nature elaborates suns and systems ; and he conceived that, 
in virtue of a central gravitation, each parcel of nebulous matter 
becomes more and more condensed, and assumes a rounder form. 
He infers from the eccentricity of its shape, and the effects of the 
mutual gravitation of its particles, that it acquires gradually a rotary 
motion ; that the condensation goes on increasing until the mass 
acquires consistency and solidity, and all the other characters of a 
comet or a planet ; that by a still further process of condensation, 
the body becomes a real star, self-shining; and that thus the 
waste of the celestial bodies, by the perpetual diffusion of their 
light, is continually compensated and restored by new formations 
of such bodies, to replenish forever the universe with planets and 
stars.* 

415. These opinions are recited here rather out of respect to 
their notoriety and celebrity, than because we suppose them to be 
founded on any better evidence than conjecture. The Philosoph- 
ical Transactions for many years, both before and after the com- 
mencement of the present century, abound with both the obser- 
vations and speculations of Sir William Herschel. The former 
are deserving of all praise ; the latter of very little confidence. 

* PhU. Tniu. 1611. 
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Changes, however, are going on in soma of the nebuhe, which 
plainly sbov that they aie not, like [Janets and stars, fixed and 
permanent creations. Thus the great nebula in the giidle of An- 
dromeda, has very much altered its structure since it first became 
an object of telescopic observation.* Many of the nebulae are (€ 
a globular form, (Fig. 72, a) but frequently they present the l^)pea^ 



(Tig. 72,..) (Fig. 72,*.) 




ance of a ra^M increase of numbers to wards the center, ( Fig. 72, () 
the exterior boundary being irregular, and the central parts more 
nearly spherical. 

416. The Nebula in the sword of Orion is particularly cele- 
brated, being very lai^ and of a peculiarly interestii^ appear- 
ance. According to Sir John Herschel, its nebulous character is 
very different from what might be eu[^)OBed to arise from the as- 
semblage of an immense collection of small stars. It is formed 
of little fiocculent masses like wisps of douds ; and such wisps 
seem to adhere to many small stars at its outskirts, and especially 
to one considerable star which Jt envelops with a nebulous atmos- 
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oval figure ; and in some instances, the nebula consists of a long, 
narrow spindle-shaped ray, tapering away at both ends to points. 

AnntUar Nebuke also exist, but are among the rarest objects in 
the heavens. The most conspicuous of this class, is to be found 
exactly half way between the stars fi and f Lyrs, and may be 
seen with a telescope of moderate power.* 

PlaneUary NebuUB constitute another variety, and are very re- 
markable objects. They have, as their name imports, exactly 
the appearance of jdanets. Whatever may be their nature, they 
must be of enormous magnitude. One of them is to be found 
in the parallel of y Aquarii, and about 5m. preceding that star. Its 
apparent diameter is about 2(y\ Another in the Constellation 
Andromeda, presents a visible disk of 12^^, perfectly defined and 
round. Granting these objects to be equally distant from us with 
the stars, their real dimensions must be such as, on the lowest 
computation, would fill the orbit of Uranus. It is no less evi- 
dent that, if they be solid bodies, of a solar nature, the intrinsic 
splendor of their surfaces must be almost infinitely inferior to 
that of the sun. A circular portion of the sun's disk, subtending 
an angle of Wj would give a light equal to 100 full moons ; 
while the objects in question are hardly, if at all, discernible 
with the naked eye.t 

418. The Galaxy or Milky Way is itself supposed by some 
to be a nebula of which the sun forms a component part ; and 
hence it appears so much greater than other nebulse only in con- 
sequence of our situation with respect to it, and its greater prox- 
imity to our system. So crowded are the stars in some parts of 
this zone, that Sir William Herschel, by counting the stars in a 
single field of his telescope, estiniated that 50,000 had passed 
under his review in a zone two degrees in breadth during a sin- 
gle hour's observation. Notwithstanding the apparent contiguity 
of the stars which crowd the galaxy, it is certain that their mu- 
tual distances must be inconceivably great. 

* A list of 268 bright ncbuls, witli references to well known Rtarsi near which 
they are situated, 'm given in tho Edinburg Encyclopoediai Art. Astrono-my^ p. 781. 
It is convenient for finding ony required nebula. 

t Sir J. Herichc). 
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419. Tauable Stibs are those which andergo a periodical 
change of brightness. One of the most remarkable » the star 
Mira in the Whale, (o Ceti). It appears once in 11 months, re- 
mains at its greatest brightness about a fortnight, being then, on 
lome occasiona, equal to a starof the second magnitude. It then 
decreases about three mcHiths, until it becomes completely invisH 
ble, and remains so about five months, when it again beeomes 
viflible, and continues increasing durii^ tfie remaining three 
months of its period. 

Another very remarkable variable star is ^gol (fi Persei). It 
is usually visible as a star of the second magnitude, and continues 
such for 2d. 14h. when it suddenly begins to diminish in sfdendor, 
and in about 3} hours la reduced to the fourth magnitude. It 
then begins again to inctease, and in 3^ hours more, is restored to 
its usual brightness, gomg through all its changes in less than 
three days. This remarkable law of variatioo a[f)ean strongly 
to suggest the revolution round it of some opeke body, which, 
when interposed between us and Algol, cuts off a large portion 
of its light. It is (says Sir J. Herschel) an indication of a high 
d^ree of activity in regions where, but for such evidences, we 
might conclude all lifeless. Our sun requires almost nine times 
this period to perform a revolution on its axis. On the other 
hand, the periodic time of an opake revolving body, sufficiently 
large, which would produce a similar temporary obscuration of 
the sun, seen from a fixed star, would be less than fourteen hours. 
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sented themselves. Thus the appearance of a star in 1572, was 
80 sudden, that Tycho Brahe returning home one day was sur- 
prized to find a collection of country people gazing at a star 
which he was sure did not exist half an hour before. It was 
then as bright as Sirius, and continued to increase until it sur- 
passed Jupiter when brightest, and was visible at mid-day. In a 
month it began to diminish, and in three months afterwards it 
had entirely disappeared. 

It has been supposed by some that in a few instances, the same 
star has returned, constituting one of the periodical or variable 
stars of a long period. 

Moreover, on a careful re-examination of the heavens, and a 

comparison of catalogues, many stars are now found to be miss- 
ing.* 

421. Double StARS are those which appear single to the 
naked eye, but are resolved into two by the telescope ; or, if not 
visible to the naked eye, are seen in the telescope so close to- 
gether as to be recognized as objects of this class. Some- 
times three or more stars are found in this near connexion, consti- 
tuting triple or multiple stars. Castor, for example, when seen by 
the naked eye, appears as a single star, but in a telescope even of 
moderate powers, it is resolved into two stars of between the 
third and fourth magnitudes, within 6" of each other. These 
two stars are nearly of equal size, but more commonly one is ex- 
ceedingly small in comparison with the other, resembling a satel- 
lite near its primary, although in distance, in light, and in other 
characteristics, each has all the attributes of a star, and the com- 
bination therefore cannot be that of a planet with a satellite. In 
most instances, also, the distance detween these objects is much 
less than 5", and in many cases it is less than V. The extreme 
closeness, together with the exceeding minuteness of most of the 
double stars, requires the best telescopes united with the most 
acute powers of observation. Indeed, certain of these objects 
are regarded as the severest tests both of the excellence of the 
instruments, and of the skill of the observer. 



Sir J. Henohel. 
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422. Many of the double stan exhibit the cnrioos and beanti- 
ful pheDomeoa of contrasted or eon^Umentary ootort." In mch 
instances, the larger star is usually of a ruddy or orange hue, 
while the smaller one appears blue or green, [nnbably in virtoe of 
that general law of optics, which provides that when the reUna 
Is excited by any bright colored Ught, feebler lights which seen 
alone would produce no sensation but of whiteness, appear 
colored, with the tint complementary to that of the Inighta. 
Thus a yellow color predominating in the light of the brighter 
star, that of the less bright one in the same field of view will ap- 
pear blue ; while, if the tint of the brighter stairerges to crimson, 
that of the other will exhibit a tendency to green, or enn under 
&vorable circumstances, will appear as a vivid gieen. The foi^ 
mer contrast is beautifully exhibited by » Cancri, the latter by f 
Andromedse, both fine double stars. If, however, the colored 
star is much the less bright of the two, it will not matoiidly af- 
fect the other. Thus for instance, n Csssiopeise ezbibits the beaO- 
tiful combination of a large white star, and a small one of a rich 
ruddy purple. It is by no means, however, intended to say, that 
in all such cases, one of the colors is the mere effect of contrast, 
and it may be easier suggested in words, than conceived in im- 
agination, what variety of illumination two suns, a red and green, 
or a yellow and a blue sun, must afford a planet circulating about 
either ; and what charming contrasts and " grateful vicissitudes," 
a red and green day for instance, alternating with a white one and 
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423. Oar knowledge of the double stars almost ctxninenced 
with Sir William Herachel, about the year 1780. At the time 
he began his search for them, he was acquainted with only /our. 
Within five years, he discovered nearly 700 double stars.* In his 
memoirs published in the Philosophical Transactions,! he gave 
most accurate measurements of the distances between the two 
stars, and of the angle which a line joining the two, formed with 
the parallel of declinati<m.| These data would enable him, or at 
least posterity, to judge whether these minute bodies ever change 
their position with respect to each other. 

Since 1821, these researches have been prosecuted with great 
seal and industry by Sir James South and Sir John Herschel in 
England, and by Professor Struve at Dorpat in Russia, and the 
whole number of double stars now known, amounts to several 
thousands.^ Two circumstances add a high degree of interest 
to'the phenomena of the double stars, — the first is, that a few of 
them at least are found to have a revolution around each other, 
and the second, that they are supposed to afford the means of ob* 
taining the parallax of the fixed stars. Of these topics we shall 
treat in the next chapter. 



CHAPTER III. 

MOTIONS or THE FIXED STAHS^-DISTANCES— -NATURE. 

424 In 1803, Sir William Herschel first determined and an- 
nounced to the world, that there exist among the stars, sepa- 
rate systems, composed of two stars revolving about each other 
in regular orbits. These he denominated Binary Stars^ to dis- 
tinguish them from other double stars where no such motion is 
detected, and whose proximity to each other may possibly arise 
from casual juxta-position, or from one being in the range of the 



* During his life he observed in all, 2400 double stars. 

t Phil. Trans. iVsS— 1785. t Baily dttrm. Traiu. ii, 542. 

( The Catalogue of Struve, ooDtaina 9063. 



other. Batween fifty and sixty instances of changes to a greater 
or less amount of the relatire position of double stars, are men- 
tioned by Sit William Herschel ; and a few of them had changed 
theii places so much within 26 years, and in such order, as to 
lead him to the conclusion that they performed revolutions, one 
aiound the other, in regular orbits. 



4SiB. These conclusiona have been fully confirmed by later ob- 
■errers, so that it is now considered as fully established, that there 
exist among the fixed stars, binary systems, in which two stars 
perform to each other the office of sun and planet, and that the 
periods of revolution of more than one such pair hare been as- 
certained with something apixoachiog to exactness. Immer- 
Bons and emersions of stars behind each other have been ob* 
serred, and real motions among them detected rafad enough to 
become sensible and measurable in very short intervals of time.* 
The following table exhibits the present state of our knowledge 
(m this subject 
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of apparent distance, and rapid increase of angular motion about 
each Other of the individuals composing it It is a bright star 
of the fourth magnitude, and its component stars are almost ex- 
actly equaL It has been known to consist of two stars since the 
beginning of the eighteenth century, their distance being then 
between six and seven seconds ; so that any tolerably good tele- 
scope would resolve it. Since that time, they have been con- 
stantly approaching, and are at present hardly more than a single 
second asunder ; so that no telescope that is not of a very supe- 
rior quality, is competent to show them otherwise than as a single 
star, somewhat lengthened in one direction. It fortunately hap- 
pens that Bradley (Astronomer Royal) in 1718, noticed, and re- 
corded in the mai^n of one of his observation books, the apparent 
direction of their line of junction, as being parallel to that of two 
remarkable stars a and d of the same constellation, as seen by the 
naked eye, — a remark which has been of signal service in the 
investigation of their orbit. It is found that it passed its perihelion, 
August 18th, 1834, and that in the interval from 1839 to 1841, 
this star will have completed a full revolution from the epoch of 
the first measurement of its position in 1781 ; and the regularity 
with which it has maintained its motion, is said to have been 
exceedingly beautiful.* 

426. The revolutions of the binary stars have assured us of 
that most interesting fact, that the law of gravitation extends to 
tfie fixed stars. Before these discoveries, we could not decide 
except by a feeble analogy that this law transcended the bounds 
of the solar system. Indeed, our belief of the fact rested more 
upon our idea of unity of design in all the works of the Creator, than 
upon any certain proof; butthe revolution of one star around another 
in obedience to forces which must be similar to those that gov- 
ern the solar system, establishes the grand conclusion, that the 
law of gravitation is truly the law of the material universe. 

We have the same evidence (says Sir John Herschel) of the 
revolutions of the binary stars about each other, that we have of 
those of Saturn and Uranus about the sun ; and the correspohd- 

^ * Aitron. Tram, t, ^. 
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ence betvreen their calculated and obsetved places in such eloor 
gated ellipses, must be admitted to cany witb it a proof of the 
prevalence of the Newtonian law of gravity in their systeois, of 
the very same nature and cogency as that of the calculated and 
observed places of comets round the center of ouc own system. 

But (he adds) it is not with the revolutions of bodies of a ^aor 
etary or cometary nature round a solar center that we are now 
concerned ; it is with that of sun around sun, each, perhaps, ac- 
companied with its train of [danets and their satellites, closely 
shrouded from ouc view by the splendor of their respective suns, 
and crowded into a space, bearing hardly a greater propcHtion to 
the enormous interval which separates them, than the distances of 
the satellites of our planets from their primaries, bear to their dis- 
tances from the sun itself. 

427. Some of the fixed stars appear to have a real motion in 
space. 

The apparent change of i^ace in the stais arising from the 
precession of the equinoxes, the nutation of the earth's axis, the 
diminution of the obUqnity of the ecliptic, and the abenation <^ 
light, hare been already mentioned ; bat after all these coii«o< 
tions are made, changes of place still occur, which cannot result 
fiom any chaises in the earth, but must arise fiom changes in the 
stars themselves. Such motiona are called the proper motion* of 
the stars. Nearly 2000 years ago, Hipperchus and Ptolemy made 
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the apparent approach of the stars in the region which he is leav- 
ing, and the recession of those which lie in the part of the heav- 
ens towards which he is travelling. Were two groves of trees 
situated on a plain at some distance apart, and we should go from 
one to the other, the trees before us would gradually appear farther 
and fiurther asunder, while those we left behind would appear to ap- 
proach each other. Some years since. Sir William Herschel sup- 
posed he had detected changes of this kind among two sets of stars 
in opposite points of the heavens, and announced that the solar sys- 
tem was in motion towards a point in the constellation Hercules ;* 
but other astronomers have not found the changes in question such 
as would correspond to this motion, or to any motion of the sun ; 
and while it is a matter of general belief that the sun has a mo- 
tion in space, the fact is not considered as yet entirely proved. 

429. In most cases where a proper motion in certain stars has 
been suspected, its annual amount has been so small, that many 
years are required to assure us, that the ejSect is not owing to some 
other cause than a real progressive motion in the stars them- 
selves ; but in a few instances the fact is too obvious to admit of 
any doubt. Thus the two stars 61 Cygni, which are nearly 
equal, have remained constantly at the same, or nearly at the 
same distance of W for at least fifty years past Meanwhile 
they have shifted their local situation in the heavens, 4^ 23^^, the 
annual proper motion of each star being 5.^^, by which quantity 
this system is every year carried along in some unknown path, by 
a motion which for many centuries must be regarded as uniform 
and rectilinear. A greater proportion of the double stars than of 
any other indicate proper motions, especially the binary stars or 
those which have a revolution around each other. Among stars 
not double, and no way dijSering from the rest in any other obvi- 
ous particular, ^ Cassiopeise has the greatest proper motion of any 
yet ascertained, amounting to nearly ^' annually. 

DISTANCES OF THE FIXED STARS. 

430. Wc cannot ascertain the actual distance of any of the 
fixed stars, but can certainly determine thai the nearest star i$ 

* Phil. Truu. 1783, 1805, and 1806. 
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more than (20,000,000,000,000,) twenty billions of mila Jnm 
the earth. 

For all measurements relating to the distances of the stin and 
planets, the ratlins of the earth furnishes the base line (Art. 87)i 
The length of this tine being known, and the horizontal paral* 
lax of the body, whose distance is sought, we readily obtain tb» 
distance by the solution of a right angled triangle. But any star 
viewed from the opposite sides of the earth, would appear from 
both stations, to occupy precisely the same situation in the celes- 
tial sphere, and of course it would exhibit no horizontal pandiai. 

But astronomers have endeavored to find a parallax in some of' 
the fixed stars by taking the diameter of the earth's orbit as a 
base line. Yet even a chauge of position amounting to 190 
millions of miles, proves insufficient to alter the place of a single 
star, from which it is concluded that the stars liave not even any 
annual parallajc ; that is, the angle subtended by the semi- 
diameter of the earth's orbit, at the nearest fixed star is insensible. 
The errors to which instrumental meisuremenls are subject, 
arising from the defects of the instruments themselves, from re- 
fraction, and from various other sources of inaccuracy, are such, 
that the angular determinations of arcs of the heavens cannot be 
relied on to less than 1". But the change of place in any star 
when viewed at opposite extremities of the earth's orbit, is len 
than I", and therefore cannot be appreciated by direct measure 
ment. It follows, that, when viewed from the nearest star, tha 
diameter of the earth's orbit would be insensible: the spider line 
of the telescope would more than cover it. 

431. Taking, however, the annual parallax of a fixed star at 
1", let a b (Fig. 73) represent the radius of the earth's orbit and 
c a fixed star, the angle at c being 1" and the angle at l> a right 
angle; then, 

Sin. 1" : Rad. : : 1 : 200,000, nearly. 

Hence the hypothenuse of a triangle whose vertical angle is 
1" is about 200,000 times the base; consequently the di»-. 
tance of the nearest fixed star must exceed 95000000 x 200000=1 
190000000X100000, or one htmdred thousand times one hutt- 
dred and ninety millions of miles. Of a distance so vast we can 



h^ 
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Fig. 73. 

I 



form no adequate conceptions, and even seek to meas- 
ure it only by the time that light, (which moves more 
than 192,000 miles per second and passes from the sun 
to the earth in 8m. 7sec.,) would take to traverse it, 
which is found to be more than three and a half years. 

If these conclusions are drawn with respect to the 
lai^est of the fixed stars, which we suppose to be vastly 
nearer to us than those of the smallest magnitude, the 
idea of distance swells upon us when we attempt to es- 
timate the remoteness of the latter. As it is uncertain, 
however, whether the difference in the apparent magni- 
tudes of the stars is owing to a real difference or merely to 
their being at various distances from the eye, more or 
less uncertainty must attend all efforts to determine the 
relative distances of the stars ; but astronomers generally 
believe that the lower orders of stars are vastly more distant from 
us than the higher. Of some stars it is said, that thousands of 
years would be required for their light to travel down to us. 



432. We have said that the stars have no annual parallax ; yet it 
may be observed that astronomers are not exactly agreed on this 
point. Dr. Brinkley, a late eminent Irish astronomer, supposed that 
he had detected an annual parallax in a Lyras amounting to TMS 
and in a Aquila) of l'^42.* These results were controverted by 
Mr. Pond of the Royal Observatory of Greenwich ; and Mr. 
Struve of Dorpat has shown that in a number of cases, the par- 
allax is negative^ that is in a direction opposite to that which 
would arise from the motion of the earth. Hence it is considered 
doubtful whether in all cases of an apparent parallax, the effect is 
not wholly due to errors of observation. 



433. Indirect methods have been proposed for ascertaining the 
parallax of the fixed stars by means of observations on the double 
stars. If the two stars composing a double star are at different 
distances from us, parallax would affect them unequally, and 
change their relative position with respect to each other ; and 



*rhil. Tram. 1821. 
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since the ordinary sources of error arisiDg from the imperfectioa 
of instruments, from precession, nutation, aberration, and refrac- 
tion, would be avoided, (since they would affect both objects 
alike, and therefore would not disturb their relative positions,) 
meastuements taken with the micrometer of changes much leas 
than 1" may be relied on. Sir John Herschel jwoposes a method* 
by which changes may be detetmiaed which amount to only f\ 
of a second-t 

434. The immense distance of the fixed stani is inferred also 
from the fact that the largest telescopes do not increase their ap- 
parent magnitude. They are still points, when viewed with the 
highest magnifiers, although they sometimes {H-esent a spuruHU 
disk, which is owing to iiradiation.t 

NATcae or the stabs. 

436. The stars we bodies greater than oar earth. If this 
were not the case they could not be visible at such an immense 
distance. Dr. Wollaston, a distinguished English philosopher, 
attempted to estimate the magnitudes of certain of the fixed stais 
from the light which they afford. By means of an accurate 
photometer (an instrument for measuring the relative intensities 
of light) he compared the light of Sirius with that of the sun. 
He next inquired how far the sun must be removed from us in 
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give out twice as much light as the sun ; or that, in point of 
splendor, Sirius must be at least equal to two suns. Indeed, he 
has rendered it probable that the light of Sirius is equal to four- 
teen suns. 

436. 7%« fixed stars are suns. We have already seen that 
they are large bodies ; that they are immensely farther off than 
the farthest planet ; that they shine by their own light ; in 
short, that their appearance is, in all respects, the same as the 
sun would exhibit if removed to the region of the stars. Hence 
we infer that they are bodies of the same kind with the sun. 

437. Wd are justified therefore by a sound analogy, in con- 
cluding that the stars were made for the same end as the sun, 
namely, as the centers of attraction to other planetary worlds, to 
which they severally dispense light and heat. Although the 
starry heavens present, in a clear night, a spectacle of ineffable 
grandeur and beauty, yet it must be admitted that the chief pur- 
pose of the stars, could not have been to adorn the night, since 
by far the greatest part of them are wholly invisible to the naked 
eye ; nor as landmarks to the navigator, for only a very small 
proportion of them are adapted to this purpose ,* nor, finally, to 
influence the earth by their attractions, since their distance ren- 
ders such an effect entirely insensible. If they are suns, and if 
they exert no important agencies upon our world, but are bodies 
evidently adapted to the same purpose as our sun, then it is as 
rational to suppose that they were made to give light and heat, as 
that the eye was made for seeing and the ear for hearing. It is 
obvious to inquire next, to what they dispense these gifts if not 
to planetary worlds ; and why to planetary worlds, if not for the 
use of percipient beings ? We are thus led, almost inevitably, to 
the idea of a Plurality of Worlds ; and the conclusion is forced 
upon us, that the spot which the Creator has assigned to us is but 
a humble province of his boundless empire.* 

* See thii argument, in its full extent, in Dick's Cdutial Scenery, 
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438. The arrangement of all the bodies that compose the ma- 
terial universe, and their relations to each other, constitute the 
System of the World. 

It is otherwise call the Mechanistn of the Beavens ; and indeed 
in the System of the world, we figure to ourselves a machine, 
all the parts of which have a mutual dependence, and conspire 
to one great end. " The machines that are first invented (says 
Adam Smith) to perform any particular movement, are always the 
most complex ; and succeding artists generally discover that with 
fewer wheels and with fewer principles of motion than had origin- 
ally been employed, the same eSects may be more easily produced. 
The first systems, in the same manner, are always the most com- 
plex ; and a particular connecting chain or principle is generally 
thought necessary to unite every two seemingly disjointed ap- 
pearances ; but it often happens, that one great connecting prin- 
ciple is afterwards found to be sufficient, to bind together all the 
discordant phenomena that occur in a whole species of things." 
This remark is strikingly applicable to the origin and iKOgress 
of systems of astronomy. 
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Hesiod and Homer ; and the " sweet influences of the Pleiades" 
and the " bands of Orion," are beautifully alluded to in the book 
of Job. 

2. Eclipses. Pythagoras knew both the causes of eclipses 
and how to predict them ;* not indeed in the accurate manner 
now employed, but by means of the Saros (Art. 233). 

3. Pythagoras had divined the true system of the world, hold- 
ing that the sun and not the earth, (as was generally held by the 
ancients, even for many ages after Pythagoras,) is the center 
around which all the planets revolve, and that the stars are so 
many suns, each the center of a system like our own.f Among 
lesser things, he knew that the earth is round ; that its surface 
is naturally divided into five Zones ; and that the ecliptic is in- 
clined to the equator. He also held that the earth revolves daily 
on its axis, and yearly around the sun ; that the galaxy is an as- 
semblage of small stars; and that it is the same luminary, 
namely, Venus, that constitutes both the morning and the eve- 
ning star, whereas all the ancients before him had supposed 
that each was a separate planet, and accordingly the morning 
star was called Lucifer, and the evening star Hesperus-J He 
held also that the planets were inhabited, and even went so far as 
to calculate the size of some of the animals in the moon.<^ Py- 
thagoras was so great an enthusiast in music, that he not only as- 
signed to it a conspicuous place in his system of education, but 
even supposed the heavenly bodies themselves to be arranged at 
distances corresponding to the diatonic scale, and imagined them 
to pursue their sublime march to notes created by their own har- 
monious movements, called the " music of the spheres ;" but he 
maintained that this celestial concert, though loud and grand, is 
not audible to the feeble organs of man, but only to the gods. 

440. With few exceptions, however, the opinions of Pythago- 
ras on the System of the World, were founded in truth. Yet 
they were rejected by Aristotle and by most succeeding astron- 
omers down to the time of Copernicus, and in their place was 



• Long's Astronomy, 2, 671, 

t Library of Uneful Knowledge, History of .Astronomy, 

t Long's Ast. 2. 673. § Ed. Encyclopocdia. 
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subsliluted the doctrine of Crystalline Spheres, first taught by 
Eudoxus. According to this system, the heavenly bodies are 
set like gems in hollow solid orbs, comjxised of crystal so pellucid 
that no anterior orb obstructs in the least the view of any of i 
the orbs that lie behind it. The sun and the planets have each \ 
its separate orb ; but the fixed stars are all set in the same grand 
orb ; and beyond this is another still, the Primum Mobile, which 
revolves daily from east to west, and carries along with it all tha 
other orbs. Above the whole, spreads the Grand Empyrean, or ' 
third heavens, the abode of perpetual serenity.* ■ 

To account for the planetary motions, it was supposed that each ' 
of the planetary orbs as well as that of the sun, has a motion of iu 
own eastward, while it partakes of the common diunial motion of 
the starry sphere. Aristotle taught that these motions are effected 
by a tutelary genius of each planet, residing in it, and directing 
its motions, as the mind of man directs his motions. 

441. On coming down to the time of Hipparchtis, who flour- 
ished about 150 years before the Christian era, we meet with astron- 
omers who acquired far more accurate loiowledge of the celestial 
motions. Hipparchus was in possession of instruments for meas- 
uring angles, and knew how to resolve spherical triangles. He 
ascertained the length of the year within Gm. of the truth. He 
discovered the eccentricity of the solar orb, (although he sup- 
posed the sun actually to move uniformly in a circle, but the 
earth to be placed out of the center,) and the positions oC the 
sun's apogee and perigee. He formed very accurate estimates of 
the obliquity of ihe ecliptic and of the precession of the equi- 
noxes. He computed the exact period of the synodic revolution 
of the moon, and the inclination of the lunar orbit j discovered 
the motion of her node and of her hoe of apsides ; and made the 
first attempts to ascertain the horizontal parallaxes of the sun and 
mooQ. 

Such was the state of astronomical knowledge when Ptolemy 
wrote the Almagest, in which he has transmitted to us an e 
cyclopBedia of the astronomy of the ancients. 

• Long'a Asi, 2. 640— Eubinjonii MecL. PliiJ. 2. 83— Gregory's A»l. 133— Ploy- 
fair'* DiuetuUon, IIS. 
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442. The systems of the world which have been most cel- 
ebrated are three — the Ptolemaic, the Tycbonic, and the Coper- 
nican. We shall conclude this part of our work with a conci^ 
statement and discussion of each of these systems of the Mech- 
anism of the Heavens. 

TH£ PTOLEMAIC STSTEM. 

443. The doctrines of the Ptolemaic System were not origin- 
ated by Rolemy, but being digested by him out of materials fur- 
nished by various hands, it has come down to us under the sanc- 
tion of his name. 

According to this system, the earth is the center of the universe, 
and all the heavenly bodies daily revolve around it from east to 
west. In order to explain the planetary motions, Ptolemy had 
recourse to deferents and epicycles^ — an explanation devised by 
ApoUonius one of the greatest geometers of antiquity.* He con- 
ceived that, in the circumference of a circle, having the earth for its 
center, there moves the center of another circle, in the circumference 
of which the planet actually revolves. The circle surrounding the 
earth was called the deferent^ while the smaller circle whose 
center was always in the periphery of the deferent, was called 
the epicycle. The motion in each was supposed to be uniform. 
Lastly, it was conceived that the motion of the center of the 
epicycle in the circumference of the deferent, and of the planet 
in that of the epicycle, are in opposite directions, the first being 
towards the east^ and the second towards the west. 

444. But these views will be better understood from a diagram. 
Therefore, let ABC (Fig. 74,) represent the deferent^ E being the 
earth a little out of the center. Let aba represent the epicycle^ 
having its center at v, on the periphery of the deferent. Conceive 
the circumference of the deferent to be carried about the earth 
every twenty four hours in the order of the letters ; and at the 
same time, let the center v of the epicycle abed, have a slow motion 
in the opposite direction, and let a body revolve in this circle in 

* riayfkir, DiiMrUtion Second, 119. 
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the direction ahcd. Then it will be seen that the body would 

actually describe the looped curves klmnop ; that it would appear 

{Fig. 7i.) 




stationary at I and m, and at n and o ; that its motiou would be 
direct from k la I, and then retrograde from / to m ; direct again 
fiom tn to n, and retrograde from n to o. 

445. Such a deferent and epicycle may be devised for each 
planet as will fully explain all its ordinary motions ; but it is in- 
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446. The objectiotu to the Ptolemaic syBtem, ia general, are 
the following : First, it is a mere hypotbeslB, having no evidence 
in its &Tor, except that it ez^dains the phenomena. This evi- 
dence is insufficient o{ itself, since it freqaently happens that each 
of two hypotheses, directly opposite to each other, will explain all 
the known phenomena. But the Ptolemaic system does not even 
do this, as it is inconsistent with the leases of Mercury and To- 
nus, as already observed. Secondly, now that we are acquainted 
with the distances of the remoter planets, and especially of the 
fixed stars, the swiflneas of motion imiijied in a daily revolution 
of the starry firmament around the earth, renders such a motion 
wholly incredibJe. Thirdly, the centrifugal force that would be 
generated m ttine bodies, especially in the sun, renders it impos- 
sible that they <aa oominue to revolve around the eaith as a 
center. 

These mtaoBB are sufficient to show the absurdities of the 
Ptolemaic System of the Worid. 

THE TTCHOHIC STBTCM. 

447. Tycho Brahe, like Ptolemy, placed the earth in the center 
of the nniverse, and accounted for the diurnal motions in the 
same manner as Ptolemy had done, namely, by an actual revolu- 
tion of the whole host of heaven around the earth every twenty 
four hours. But he rejected the scheme of deferents and epicy- 
cles, and held that the moon revolves about the earth as the cen- 
ter of her motions J that the sun, and not the earth, is the 
center of the planetary motions ; and that the sun accompanied 
by the planets moves around the earth once a year, somewhat in 
the tnanner that we now conceive of Jupiter and his satellites as 
revolving around the sun. 

448. The system of Tycho serves to explain all the common 
jdienomena of the planetary motions, but it is encumbered with 
the same objections as those that have been mentioned as resting 
against the Ptolemaic system, namely, that it is a mere hypoth- 
esis ; that it implies an incredible swiftne« in the diurnal motions ; 
and that it ia inconsistent with the ktiown laws of oniversal giav- 
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itation. But if the heavens do not revolve, the earth must, and ^ 
this briags us to the system of Copernicus. 



THE COPERNICAM SVSTEII. 

449. Copernicus was bora at Thom in Prussia in 1473. The ' 
system that bears his name was the fruit of forty years of intense j 
study and meditation upon the celestial motions. As already i 
mentioned, (Art. 6,) it maintains (1) That the apparent deurual 
motions of the heavenly bodies, from east to west is owing to llie I 
real revolution of the earth on its own axis from west to east ; 
and (2) That the sun is the center around which the earth and 1 
planets all revolve from west to east. It rests on the following a 
giiments : 

450. First, the earth revolves on Us own axis. 

1. Because this supposition is vastly more simple. 

2. It is agreeable to analogy, since all the other planets thai 
aiford any means of determining the question, are seen to revolva 
on their axes. 

3. The spheroidal fgttre of the earth, is the figure of equilib- \ 
rium, that results from a revolution on its axis. 

4. The rfiniinisAerficeio-Ar of bodies at the equator, indicates* ] 
centrifugal force arising from such a revolution. 

5. Bodies let fall from a high eminence, fall eastward of that I 
base, indicating that when farther from the center of the earth [ 
they were subject to a greater velocity, which in consequence of I 
their inertia, they do not entirely lose in descending to the lower \ 
level.* 

461. Secondly, the planets, including the earth, revolve about \ 
the sun. 

1. The^AosfSof Mercury and Venus are preciselysiich, as would I 
result from their circulating around the sun in orbits within that \ 
of the earih ; but they are never seen in opposition, as they would j 
be il' they circulated around the earth. 

2. The superior planets do indeed revolve around the earth; I 
but they also revolve arotmd the sun, as is evident firom tbevJ 
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phases and from the known dimensions of their orbits ; and that 
the sun and not the earth, is the center of their motions, is infer- 
red from the greater symmetry of their motions as referred to the 
sun than as referred to the earth, and especially from the laws of 
gravitation which forbid our supposing that bodies so much larger 
than the earth, as some of these bodies are, can circulate perma- 
nently around the earth, the latter remaining all the while at rest 
3. The annual motion of the earth itself is indicated also by 
the most conclusive arguments. For, first, since all the planets 
with their satellites, and the comets, revolve about the sun, atuHr 
ogy leads' us to infer the same respecting the earth and its satellite. 
Secondly, The motions of the satellites, as those of Jupiter and 
Saturn, indicate that it is a law of the solar sjrstem that the smaller 
bodies revolve about the larger. Thirdly, on the supposition 
that the earth performs an annual revolution around the sun, it is 
embraced along with the planets, in KefAer's law, that the squares 
of the times are as the cubes of the distances ; otherwise, it forms 
an exception, and the only known exception to this law. Lastly, 
the aberration of light affords a sensible proof of the motion of 
the earth, since that phenomenon indicates both a progressive 
motion of light, and a motion of the earth from west to east. 
(Art. 196). 

452. It only remains to inquire, whether there subsist higher 
orders of relations between the stars themselves. 

The revolutions of the binary stars (Art. 424) afford conclusive 
evidence of at least subordinate systems of suns, governed by 
the same laws as those which regulate the motions of the solar 
system. The nebuke also compose peculiar systems, in which the 
members are evidently bound together by some common relation. 

In these marks of organization, — of stars associated together in 
clusters,— of sun revolving around sun, — and of nebulae disposed 
in regular figures, we recognize different members of some grand 
system, links in one great chain that binds together all parts of 
the universe ; as we see Jupiter and his satellites combined in 
one subordinate system, and Saturn and his satellites in another, 
—each a vast kingdom, and both uniting with a number of other 
individual parts to compose an empire still more vast. 
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453. This fact being now established, that the stars are im- 
mense bodies like ihe sun, and that they are subject to the laws 
of gravitation, we cannot conceive how they can be preserved 
from faiUng into final disorder and ruin, unless they move in 
harmonious concert like the members of the solar system. Oth- 
erwise, those that are situated on the confines of creation, being 
retained by no forces from without, while they are subject to the 
attraction of all the bodies within, must leave their stations, and 
move iuward with accelerated velocity, and thus all the bodies in 
the universe would at length fall together in the common center 
of gravity. The immense distance at which the stars are placed 
from each other, would indeed delay such a catastrophe ; but such 
must be the ultimate tendency of the material world, unless suft- 
tained in one harmonious system by nicely adjusted motions.* 
To leave entirely out of view our confidence in the wisdom and 
preserving goodness of the Creator, and reasoning merely (ma 
what we know of the stability of tlie solar system, we should be 
justified in inferring, that other worlds are not subject to forces 
which operate only to hasten their decay, and to involve them in 
final ruin. 

We conclude, therefore, that the material universe is one great 
system ; that the combination of planets with their satellites con- 
stitutes the first or lowest order of worlds ; that next to these plan- 
eta are linked to suns ; that these are bound to other suns, compos- 
ing a still higher order in the scale of being ; and, finally, that all 
the different systems of worlds, move aioimd their common 
center of gravity. 

' Bobigon'i Phjsical AMtodoqij'. 
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EBENEZER PORTER MASDN. 



It imparts a melancholy interest to the following pages, that 
they constitute the last efforts of a youth of extraordinary promise, 
cut off just as he seemed entering upon a brilliant career of astro- 
nomical discovery. Before he had completed the present article, 
a fatal malady, the consumption, had marked him for its victim. 
When, only three weeks before his decease, he wrote at my 
desk the concluding paragraph, it was an interesting but moving 
spectacle, to witness the energies of a mind of the first order 
soaring above its crumbling tenement, and exhibiting ' the ruling 
passion strong in death.' 

Immediately after completing this treatise, which he could not 
be persuaded to leave unfinished, he yielded to the solicitations of 
his relatives at Richmond, Virginia, who had for some time been 
urging him to hasten to that milder climate, with the hope of 
preserving, or at least of prolonging, his valuable life. In less 
than two weeks after he reached his friends, he experienced a 
sudden prostration, and quietly sunk into the arms of death. He 
died on the morning of Dec. 26th, in the twenty second year of 
his age. He was a native of Washington, Ct., where his father 
the Rev. Stephen Mason, was formerly settled in the ministry, 
but now resides at Marshall, Michigan. 

The present treatise on Practical Astronomy was chiefly writ- 
ten in the Spring of 1840, before his health failed. EsltIj the 
ensuing Summer, symptoms of consumption began to develop 
themselves ; and hoping to receive benefit from the invigorating 
climate of Maine, and eager to embrace every opportunity for 
making astronomical observations, he obtained the post of assist- 
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Mmraissioii under Professor Renwick, which explored 
tho northeaslern boundary of the United States, during the last 
Autumn. Sustained by a temper remarkably cheerful and reso- 
lute, he was able to fulfil the duties of his appointment ; but tm 
"hia return, the latter part of October, it was manifest that his 
disease had made regular progress and was carrying him lo the 
grave. 

Young Mason was truly a man of genius; and short as was 
his career as an aslronomer, he accomplished enough to inspire in 
bis scientific friends the highest expectations of his future emi- 
nence, in the exalted study lo which he had devoted himself. The 
peculiar assemblage uf faculties requisite to form the great astroa- 
omcr, is seldom found united in the same individual, comprising 
as it does so many of the higher attributes of genius, — a hand of 
exquisite delicacy to construct and adjust — an eye endued with 
extraordinary powers of vision to observe — an intellect the most 
profound to fullow out all the consequences of astronomical dis- 
covery — and that unconquerable enthusiasm which is regardless 
of loss of rest, of exposures by night, and even of hfe itself. 
These qualities were severally/ possessed by Mr. Mason in an un- 
usual degree; but it was their striking and harmonious iiiiion, 
which, from the time I first discovered it, led me to recognize in 
him the promise of one probably destined to enlarge the bounda- 
ries of astronomical science, 

In one of my last interviews with my departed friend, I asked 
him " What first turned his attention to the study of astronomy ?" 
He replied that, when a child, (1 think about twelve years of age,) 
he for the first lime looked through a pair of concave glasses. Be- 
ing very near-sighled, he had never before seen the external world 
so distinctly, and he was charmed wilh the new and lovely aspect 
of Nature. Going abroad in the evening on au errand, he wore 
his glasses, and was so delighted with the appearance of the stars, 



that he remained out to a late houTi gasing upon the brilliant 
spectacle. From this period he seems never to hare lost his pas- 
sion for the obsenration and study of the heavenly bodies ; for 
before he came to college, which he entered at sixteen, he hady 
as he informed me, perused Sir John Herschd's Elements of As- 
tronomy with the deepest interest. Obscure as this work has 
been thought by some, young Mason, nevertheless, acquired by 
the aid of it a remarkably clear conception of the leading phe- 
nomena and laws of astronomy, of which I found him possessed 
before he had had opportunity to study any other author. After 
entering college, he soon formed an intimacy with one of his 
classmates, (Mr. H. L. Smith,) who had also imbibed an early 
taste for astronomical observation, and had already made consid- 
erable proficiency in the constructioq of telescopes. Mason joined 
him, with great enthusiasm, and they sometimes spent the whole 
night in casting and polishing specula, until they each completed 
a telescope of sufficient power and accuracy to show the leading 
phenomena of the heavenly bodies.* 

From this time our young astronomer began to employ almost 
every fair evening in telescopic observations, sometimes protract- 
ing his delightful labors to a late hour of the night, advancing 
gradually from the planets and more common objects to the 
double stars, and the most intricate of the Nebulae, and finally 
applying the nicest micrometrical measurements. An elaborate 
paper of his containing observations on some of the most obscure 
Nebnlce, communicated to the American Philosophical Society, 
and recently published in their Transactions, will attest his skill 
and ingenuity, as well as his perseverance, in the most refined 
observations of the sidereal heavens ; and the engravings accom- 



* Mr. Smith aAerwardt constructed a Hertchelian teletcope, of grtat power, witk 
which Mr. Mason made many of his best observations. 



panyiDg that anicle, which were copies from his drawingg, 
indicate the delicacy of his hand. 

During the last two years of his college course, although, by 
an uncommon facility in learning his lessons, he was able to 
maintain a rank among the first of his class, yet his afieclions 
were chiefly engrossed by his master-passion ; and the lighter 
works of fiction and romance, which had occnpied, at an earlier 
period, his moments of leisure and amusement, were now all 
thrown aside for the ponderous quartos of his favorite science; 
and such books as the London Astronomical Transactions, and 
Pearson's Practical Astronomy, were constantly at his side, await* 
ing every moment he could redeem from his other engagemeiita. 
As soon as his college course was completed, in the Summer of 
i839, his thoughts were earnestly bent on some mode of provid- 1 
ing for his support, (which would thenceforth devolve wholly on 
himself,) consistent with his ultimate purpose of devoting his life 
to astronomy. It was partly with the view of furnishing hii 
with employment, that I proposed to him to assist me in prepar- 
ing this treatise, which I designed as a fourth part to my " Intr<^ 
dnction to Astronomy," When, however, I became better ac- 
quainted with his skill in the use and adjustment of Instruments, 
and with his peculiar qualifications to interest and instruct young 
learners in this department of astronomy, I gladly committed to 
him the sole preparation of the article, confident that the public 
would lose nothing by the change. I think it will be found, oB 
trial, more peculiarly adapted to the exigencies of young studenH 
of Practical Astronomy, than any similar treatise hitherto pul>- 
lished ; and I cannot but believe that all who peruse it, will iinila 
with me In deploring the untimely fate of a youth, who has given' 
such signal proofs of his capacity to attain to the highest walks 
of astronomy. 

Yalii Collcg-^, Jan. 1S41. 



I 



Denison Olusted. 



ANALYSIS. 



CHAPTER I.— TiLBSooPB, 1 

General description, 9 

Rcfractingr Telescope, 2 

Reflecting do 2 

Finder, „ 3 

Htrschers 40 it. reflector, 4 

Dorpat refractor, ^ 4 

Hulcombe's Telercopet, 5 

Smith's 14 ft. reflector, 5 

Directions for choosinff a telescope, . . 6 

Power and light of telescopes, 7 

Magnifying power how ascertained,.. 7 
Eye-pieces, their various combinations, 7 
Different powcn for different purposes, 8 

Light of different telescopes, 9 

Impediments to high magnifying pow- 

er«, 10 

Apparent discs of stars, 13 

Comparison of refractors and reflect- 
ors, 12 

Tent objects of telescopic power and 

light, 14 

List of test objects for telescopes of 

different foci, 16 

Drscripiion of the stars flgored in the 

frontispiece, 18 

How to find objects for examination, 20 
Points of compass in the heavens,.... 21 

How to examine diflicult objects, 23 

To remedy the defects of a telescope, 24 
How researches suggested, 25 

CHAPTER II.— Minor Astionom- 

1CAL Instrumbnts, 28 

Micrometer, 29 

Vernier, 31 

Reacting microscopes, 32 

Level, 32 

To level the axis of a transit instru. 

ment, 32 

Plumb Line, 33 

Artificial Horizon, 34 

Floating Collimator, 34 

CHAPTER III.— Sextant— Alti- 
TUDB AND Azufirra Instrument — 

Eqcjatoriax^, 34 

SexUuit, 34 

Adjoftments, ^ 35 



To find the index error, 36 

To measure the semidiameter, 37 

To take altitudes by reflection, 37 

To find the distance between two ob- 

iects, 38 

Altitude and ^xitnvth /fiflrttment,... 39 

Description and use, 39 

Advantages, 39 

Equatorial, 40 

Description and use, 40 

Adjustments, 40 

To find aster, 40 

To find R. Ascensions and Declina- 
tions, 40 

Ad vanteges and diaadvantagee, 41 

CHAPTER IV.— Transtt Inbtru- 

mrnt, 42 

Location, » 42 

AdjvHmentt, 43 

Distinctness of vision and parallax,... 44 

Horizontelity of the axis, 45 

Perpendicularity of wires, 46 

Collimation in azimuth, 46 

Cnllimation in altitude, 46 

Position in the meridian, 47 

By the pole ster, 47 

By circumpolar stars, 48 

By a high and a low star, 48 

Meridian Mark, 49 

Clock, 50 

Rate and ESrror, 51 

Regulation, 51 

Method of observing and registering 

transits, ~ ~ 52 

Equatorial interval, 53 

Reduction of observations to the mean 

wire, ~ 55 

Correction of observations, 5S 

Enron of the transit instrument and 

their correction, 58 

Formuln expressing the same, 61 

An evening's observations and their 

reduction, 65 

CHAPTER v.— Problems uf Prac 
TicAL Astronomy, 69 

Use of signs in connection with loga. 
rithms, - 69 



CoDvenion of hIbt into ■idermi time, 

BndthBconlnuT 

Interpolation of diflerenc™, 

To find B maxiDiDin or nunimum 

Tuluc, 

Coneclionp of the place* of the fix- 
ed .l«li, - 

CHAPTER VI.— Eoti«B( or tb« 

Td Gnd'UiB ^oot of ihe nn aad 

Comporiaon of the t»e of Naatical 
AJniBnac and Lunw Tables, 

DrnionsirtlJDn of fbrmul», - 

CalcuiitloD of a lunar eclipae, 

To project a lunar colipio 

CHAPTER Vn. — Occvt-TiTioM 
AND EcuraEi or tux Svx, 

Oocultalioni defined _ 

Fwallat of the ommui, 

Princ'plcR of calauUtion, 

P&ralliiTa of the moon in right as. 
cciieion and declination 

Reduction lo the ipherc, — 

Augmentation oE the moon'a eemi. 
diameter, 

lDTeati|rBl»n of fbrmula for oeoul- 

InvealiKatkm of fbtnal* for ■ nlar 

«clip« - 

Sjnopni of formuln for alellar and 

•ular DccullBlioni, ] 

Calculalion of a lotar tclijut, 1 

Of the limes of lint and last contact, V 
Of the time of grcate»l obscuration. 



Formulie for the times of bepmuDf 
and end in a total ecllpM, and ■ 
foTmalion and mpture of the mw 
in an annular eel>p« _ I] 

Calenlatlon of angles tima north point 
and vertei _ 1! 

To project an occnltation or aolai 
ec].psa 1 

Practical ub« of calculating occnL 
lations and solar eolipset, ~ 1 

Approximate calculation for obaeiva. 

CHAPTER VlU^MeTJioDiOFo*. 

TUDM. .". 1 

Mrlhodt irf findiBg thr LatUudt I 

By altitude* of the pole star at anj 

hour of Uic ninhl, _ V. 

Br meridian altilndea of the pole 

•tar l: 

By meridian allilude* of die wm at 

any heavenly body 11 

Example* for New Haven, IS . 

By double alls, uf the ran and moon, 131 
Methodi afjiading tlu LMgiladt,„ 193 

By colipHw of tha moon, - " 

do Japilei'saitclUlc*,.... ___ 

By ngnala, dtc Ut \ 

By chranaine ten, »....~ IM j 

By ocouMtion*, ». — IM I 

Exami^, 

By Lunar dislancea, 

By moon -culminating slan, 

Example 

Conclmion, 

Nolf 

TaUee, 



SUPPLEMENT 



TO 



OLMSTED'S ASTRONOMY. 



CHAPTER I. 



OF THE TEI.1SflCOPB. 



1. The application of the telescope to the purposes of prac- 
tical astronomy, is as varied as universal. When attached to a 
system of circles, and by connection with them compelled to 
trace out in its motion corresponding circles in the heavens, it 
appears under the various forms of a transit, equatorial, altitude 
and azimuth instrument, mural circle, and sextant. In such com- 
binations it is usually employed in exactly fixing the places of 
the heavenly bodies, and determining their distances from each 
other and from fixed points of reference. When unconnected 
with any such appendages, it becomes a simple telescope, free to 
sweep the heavens at large, and its principal use consists in the 
observation of phenomena and events which occur beyond our 
earth, and of the natural history of celestial objects. Under 
this, its simple form, and applied to observations of the latter 
kind, it will be considered in the present article. 

2. We shall presume in the student an acquaintance with the 
principles of telescopic vision, and with the general construction 
of the different forms, under which the instrument has appeared 
since its first invention. That we may most simply and easily 
initiate him into the practice of astronomy, we shall suppose him 
at once an amateur observer, about to choose an instrument, and 
wishing to apply it in a way interesting to himself and useful to 
science. We shall direct our reader simply and plainly how to 
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il THE TELESCOPE. 

choose his telescope, and judge of its excellence ; — how to remedy 
its defects, manage its adjustments, find objects which he wishes 
to examine, examine them to the best advantage, — and finally, 
what kind of observations to make, and in what way to proceed, 
if he would add utility to pleasure. 

3. General description of refracting and reflecting telescopes. 

The refracting telescope is usually mounted in a brass tube, 
and supported on a stand of various construction, — but oftenest 
a pillar of brass, with three folding supports. The object-glass 
must be achromatic, consisting of two (sometimes three) lensea 
so combined as to destroy very nearly the ill effects of color 
and aberration. The available diameter of the object-glass is 
called the ajierlure of the telescope, and is usually a little less 
than tliat of the tube. It forms its image near the eye-end of 
the telescope ; the distance between the object-glass and this 
image is called ihe focal length of the telescope, and is commonly 
rather greater than that of the main tube. A microscope, con- 
sisting of two or more small lenses, is applied at tlie eye-end to 
magnify this image as if it were a tangible object ; ihis is called 
an eye-piece, and with every large telescope, several of them are 
always furnished by the maker, to allow of variety in its ma^t* 
fying power. The ej-e-piece is set in a sliding tube, and thiit 
pushed in and out from the main tube by a milled head, which 
controls a concealed rack and pinion. The object of this coo- 
trivance is to enable the observer to adjust bis microscope or 
eye-piece accurately upon the image, and is especially necessary 
where several of diflerent foci are to be successively screwed 
into the eye lube. Such a telescope is pointed to any celestial 
object by wheeling it around the perpendicular support or asia 
till it arrives in the vertical plane of the star, and then turning it 
on a second pivot which allows of motion in altitude. If the 
instrumem is of considerable magnilnde and power, contrivance* 
are attached, so that by a screw or pinion the telescope may hav« 
slow motions in altitude and azimuth, and yet may admit of dis- 
engagement when il is to be turned through any considerable arc 




4. Reflecting telescopes are of four kinds ; the Newtonian, J 
flerschelian, Gregorian and Cassegranian. Their principles of 
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construction are usually explained in elementary works on natu- 
ral philosophy.* The Cassegranian is nearly obsolete ; it differs 
but slightly from the Gregorian, and both are mounted in much 
the same style as refracting telescopes. In the Newtonian form, 
however, the eye does not look in at the lower extremity, and a 
different kind of mounting is necessary. When pointed at a 
star, the pencil of rays reflected from the large mirror at the 
lower end of the tube is turned off at right angles by the inclined 
plane mirror, and an eye-piece on the side of the tube receives 
it. The small mirror and eye-piece are attached to a slide, 
which may be moved to and from the large mirror in adjusting 
the focus. 

In this form of the reflecting telescope, the eye looks at right 
angles to the tube of the telescope. But in the Herschelian con- 
struction, the small mirror is removed, and the eye looks imme- 
diately down the tube towards the large mirror. In order, how- 
ever, that the head of the observer in this position may intercept 
no portion of the broad cylindrical beam of light, which enters 
the telescope from the star, the large mirror is slightly inclined 
so as to cast its focal image at the extreme left hand margin of 
the mouth of the instrument, where it is magnified by an eye- 
piece sliding along that side of the tube, and viewed with the 
right eye of the observer. It may be here remarked that it is a 
very common misconception to suppose that the interposition of 
the head or of any irregular body over the aperture of a tele- 
scope will obscure or cut out a corresponding portion of the disc 
of a star, of a planet or the sun ; but a little consideration of 
tliat part of optics which teaches, that each point of the image 
is formed by rays from every portion of the si>cculum, will show 
that the only eflect of such interposition is to diminish propor- 
tionally the light of the image. 

5. Every telescope of considerable magnifying power should 
be furnished with a finderi which is a small telescope of a very 
low power, attached firmly to the side of the larger, and exactly 
parallel with it. In the common focus of the object and eye 
glass is a pair of coarse cross-wires. The necessity of this ap- 
pendage becomes evident when we reflect, that a high magnify- 

• Olmited'B Nat Fhil. Art 918-920. 



ing power i^equires a very smalt actual field of view. IIub tbe 
field of 8 telescope magnifying between 100 and 200 timea ia a 
circle in the hearene not as large as the full moon, and will scarcely 
include the Pleiades or seven stars. Tbe telescope is approxi- 
mately pointed to a star by glancing the eye along tbe tube ; tbe 
object then appears in the field of the finHer, because its low 
magnifying power allows of a wide field of view of seveial de- 
grees in diameter. It may be easily brought upon the intersec- 
tion of the cross-wires in the finder, and will then be somewhere 
in the field of view of the telescope. If the smaller instrument 
is out of adjustment, however, it will not be the index of the 
larger, and perfect correspondence of direction between the two 
must be thus obtained -,— direct the telescope to a star, or better, 
to a distant terrestrial point not in motion, by the uncertain and 
tedious process of ranging for it till it is found ; then turn tbe 
screws which alter the position of the finder, or of its cross- 
wires, until the object is covered by tbe intersection of the latter. 
Ever aAcr, the finder will be a sure guide to any other ot^ect. 



6. Description of particular refracting and reflecting teletctpes. 
The largest reflecting telescope ever constructed was tbe cele- 
brated one of 40 ft. in focal length and 4 fl. aperture, by Sir 
Wm. Ilcrschcl. We shall occasionally allude to it, especially in 
speaking of the light of a telescope. It is now out of repair, in 
consequence of exposure to the weather ; and 20-ft. telescopes, 
of easier management, and more regular performance under 
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7. Such telescopes as these are, and will be for a time, to say 
the least, very rare in America. In confining our remarks more 
exclusively to those in use in this country, we shall mention par* 
ticularly the Herschelian telescopes of Mr. Holcombe, which 
are in very general use among observers, and from their excel- 
lence, will probably become much more so. For the benefit of 
the American observer, we will briefly describe its construction, 
and point out its advantages and disadvantages. It is of the 
Herschelian form, with a tube of sheet iron painted, and the end 
containing the large mirror rests on the ground. The other end 
is supported by two folding legs, which with the tube of the tel- 
escope form a kind of tripod. It is quickly directed to any 
point by spreading out more or less the two legs, and as each of 
these are double, and may be gradually lengthened or shortened 
at pleasure, a slow motion is obtained for following a star. The 
chief recommendation of this telescope is, that with an excel- 
lence of figure in the speculum which enables it to compete with 
the telescopes of the best European artists in its performance on 
the closest test-objects, it is afibrded at a comparatively very mod- 
erate price, the cost of foreign instruments of equal power and 
light being two or three times greater. The telescope is per- 
fectly supported at precisely the two points most important, the 
place of the large mirror, and of the eye-piece ; its steadiness 
therefore gives it the advantage over most European instruments 
even actually superior, except in very calm nights. In elegance 
of external appearance, it will not compare with foreign instru- 
ments of equal intrinsic excellence ; the style of mounting, how- 
ever, is as neat and convenient as it is simple and inexpensive.* 
Other telescopes, American and foreign, but chiefly of the re- 
fracting kind, are frequently to be met with, whose astronomical 
excellence will recommend them to the notice of the observer. 



* The cttabluhment of Mr. Holcombe is at Soathwick, Man., and his telescopes 
are from 5 to 14 feet in focal lengrth, with apertures from 4 to 10 inches, at prices 
imnging from 100 to 600 dollars. The performance of some of these will be ^Mksa 
of in our description of the test^bjects of telescopes. 

The largest telescope in this country is a Herschelian of 14 feet focal length and 
19 inches aperture, principally constructed by Mr. Smith, lately a student of Yale CoU 
lege. It was first erected in New Jlayen, Conn., but hat recently been remofed, and 
remounted at Ohio City, Ohio. 



8. In the choice of an iiiatrumeal, many particulars are to be < 
attended to, among which we rank the following aa the princi> j 
pal. The telescope should show a atar free from bur§ or t 
of light, or haziness consequent on aberration. If an achro- | 
malic, it sliould be noticed, whether the cori-ection of color i) 
perfect or not. In a good telescope, a slight alteraxion of no ' 
more than the I'jth of an inch in the focal adjustment, 
either direction from the point of distinct vision, will consider- i 
ably enlarge the image of a star, and render it iniiistinct. Day < 
objects to an inexperienced observer, appear nearly as well in 
an ordinary instrument, as in an excellent one ; the moon and. 
planets are much better objects of comparison, and a bright Bsed 1 
star alfords the severest trial of excellence, especially if it bo 
double, like Castor or y Virginia, 

Such questions as these, " How far can I see with this tcle« 
scope ?" or " How many times does it magnify ?" are not likely 
to elicit satisfactory information with regard to the optical capa- 
city of an instrument. For with an inferior telescope objects 
may be seen immeasurably remote, by directing it towards lite 
stars ; and may be magnilied almost any number of times, more 
or less distinctly, by applying eye-glasses of sufhcicnt |X)wer. 
The highest power supplied with a telescojic is commonly much 
greater than can bo employed to the utmost advantage, and 
therefore is no very sure indication of its distinctness or defin- 
ing power. The true way of arriving at a knowledge of the 
excellence of an instrument is to find out wijuit test-objects it haa 
resolved, and is competent to eshibit clearly, either by inquiry, or 
actual observation. By referring to our table of test-objects in 
this chapter, and the remarks concerning them, the reader will 
have the best means of deciding on the merits of any telescope. 
The qualities of the stand should not bo neglected, the essen* 
tial requisites of which are, — steadiness, ease of direclion to any 
point of the heavens, and ease in following any celestial iMxIy in 
its diurnal motion. A star in the field of an unsteady telescope 
becomes like an irregularly whirled point of flame, upon whicb 
it is as impossible to exercise close observation, as to read fmm 
a printed leaf in rapid motion. Every tremor and vibration of 
the instrument is magnified by its whole optical po%ver, A 1e^ 
escope supported at two points at a distance from each other, is 
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far more steady than one balanced on its centre. The other two 
requisites are obtained when the telescope is capable of good 
quick and slow motions in directions at right angles to one an- 
other ; the quick motion affords the means of turning immedi- 
ately to the star, and the slower motion of following it with regu* 
larity. 

9. The power and light cf telescopes. 

A telescope magnifies celestial objects in two ways. First, it 
expands their linear dimensions by what is called its magnifying 
power ; this power is expressed in numbers, and is the ratio of 
tlie visual angle under which the jtelescopic image is seen, to that 
under which the object appears to the naked eye. Secondly, it 
magnifies their light by what is termed its illuminating power ; 
which also may be expressed in numbers, and is nearly the ratio 
of a cylindrical beam of light, of the diameter of the objectp 
glass or speculum, to the much narrower pencil of light, which 
is collected by the naked eye, and which is of the same diameter 
as the pupil. 

10. The magnifying power of a telescope may always be as- 
certained by dividing the solar focal length of the object-glass 
(S) by that of the eye-glass (9). If the eye-piece is compound, 
and consists of two glasses, let F be the solar focal length of the 
inner,/ that of the outer glass, and d the distance between them ; 

then „ ^ , =9, or the focal length of the equivalent lens ; and — 
r +/ — a 9 

will be the magnifying power, as before. The focus of any lens 

or mirror is found by casting the sun's image through or from it, 

on paper, moving the latter, till the image is most neatly defined 

and smallest. 

Every telescope is accompanied with a set of eye-pieces, fur* 

nishing an ascending series of powers. For day observation, a 

terrestrial eye-piece of low power, and consisting of four glasses 

set in a tube of considerable length, is useful to represent objects 

in an erect position. With celestial objects the inversion of the 

image is of little consequence, and short combinations of two 

glasses each are employed. These are called astronomical eye* 

pieces, and are of two kinds. In that invented by Huygens, the 
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focal length of the g^ass aext the eye, the distance between 
two, and the focal length of the other, are nearly as the nuniben 
1, 2, and 3, and the plane surfaces of each [ens are towards tla 
eye. This eye-piece receives the pencil of rays from the object 
gUsB before they reach the focuB. and no aerial image is formed 
except between its two lenses ; it is therefore called a negativa 
eye-piece, because, like a convex mirror, it has only a negative 
or imaginary focus. The positive eye-piece was invented by 
Ramsden, and consists of two lenses of nearly equal focus, and 
distant by I or J the focal length of either, with their convex 
surfaces towards each other. The image of the object-g 
in this case is formed in the air just before the pencil of raya 
meets the inner glass of the eye-piece. Few other combinationi 
of two glasses will aiford good vision. Ramsden's eye-piece and 
the Huygenian are nearly equal in their merits. The latter a^ 
fords perhaps a larger and more uniformly distinct field ; but iba 
former admits of llie insertion of micrometrical and other cross- 
line^ at the place of the aerial image, and moreover, has what U 
called a flat field, — that is, does not distort the outline of 
object. 

Very low powers, as from 30 to 80, are osefiJ to view ill de- 
fined object!}, as comets and many of the r)el(ul(e, — to command ft 
large field of view, when desirable, — and to eihihit celestial ol^ 
jectB to those who are unaccustomed to the management of a 
telescope. As tlie magnifying power increases, the intrinsio 
brightness of the object is diminished. The planet Jupiter, for 
instance, sends an absolute quantity of light to the eye, which 
with the same aperture is constant under all powers. By mag- 
nifying his surface more and more, the light which belongs to it 
must necessarily be spread over that surface more and more 
thinly ; so that very soon a point is reached, where indistinctneaa 
begins, because the light at any one point of the retina is too 
faint to stimulate perfect vision. With a good 7-ft. achromatic 
or reflector, this cause alone renders 250 &9 high a power as can 
be employed to much advantage on the planets. An ordinary 
observer will be far better pleased by the view with 100 of 
J20, because much brighter and apparently more distinct ; mi- 
nute features of the object may, however, be oflen better broughl 
out by pushing the magnifying power even to indiatinctnesa. 
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Saturn will scarcely bear more than 200 well, because of its 
greater distance from the sun, and consequent feebleness of light ; 
the moon, on the contrary, will occasionally bear 300 in the in- 
spection of minute features, although 80 or 100 is always better 
to show it in whole. The fixed stars shine by their own intrinsic 
light, and will bear much higher powers. In very favorable cir* 
cumstances, and with an excellent telescope, some advantage may 
be gained with 600 or even 1000, at the expense of much aber- 
ration and troublesome indistinctness. Sir Wm. Herschel, with 
his exquisite 7'flt. Newtonian, occasiomdly on rare nights, pushed 
his powers even to 6000, but the common observer will do well if he 
ever gains any advantage by going beyond 600. For the planets, 
powers between 1 00 and 200 are most commonly available ; for 
double stars, those between 200 and 300, and if very close, 400 
or 500 may be employed. Single lenses are of advantage in 
very high powers, because there is less ipom for loss of light, 
for imperfections of density in the interior, and of figure in the 
surfaces, of one glass than of two. They are more diflicult to 
use, since the object under inspection must be kept scrupulously 
in the middle of the field, both in adjustment of focus and in 
subsequent examination ; for in no other part of the field is there 
good vision. 

11. The light of a telescope depends chiefly on its aperture* 
Through a 7*ft. telescope with 150 Jupiter is seen with ease and 
comfort ; the same power on a 20-fl. telescope renders it so bright 
as to be painful to the eye, and too dazzling for distinctness. 
For this reason, the 7-ft. is preferable, unless the aperture of the 
20-ft. be suflliciently contracted. Again, the field of the 20-fl. is 
strown with stars, which are utterly invisible in the 7-f\ ; here 
the 20-ft. has the advantage. Large telescopes and a great aper- 
ture are chiefly useful to view faint objects, as nebulae, and to 
bring out faint points of light. The 40-ft. of Sir Wm. Herschel 
would not bear as high a power as his 20-ft., and neither could 
at all admit of such high powers, as we have already said he some- 
times applied to his 7-ft. ; but yet the former, from its power 
of light alone, aflbrded him immediately several of his most cele- 
brated discoveries. 

When we consider that the pupil of the eye, and consequently 

2 
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the pencil of rays -which enters it from any star, is but 0.2 of 
an inch in diameter, we may conceive how greatly we should 
increase our perception of its brightness by aid of an instrument, 
which receives a beam four feet in diameter, and concentrates il 
apon a single point of the retina. Since the areas or sections 
of the two beania are as the squares of their diameters, tbs 
brightness of the star would be increased by the telescope in the 
proportion of 48' : 0.2- or 57,600 times, if the speculum wer« 
perfectly reflective. But only about f of the light is reflected: 
from the speculum, and of this, about yV more is lost in trans- 
mission through two lenses ; the illuminating power is therefore 
0.6x57,600=34,560. A single quotation from one of Sir Wm. 
Herschel's papers will illustrate the effect of a concentration of 
Kght BO enormous. " I remember that after a considerable sweep 
with the 40-ft. instrument the appearance of Sirius announced 
itself at a great distance, like Ihe dawn of morning, and came 
on by degrees, till this brilliant star at last entered the field of 
the telescope with all the splendor of the rising sun, and forced 
me to take the eye from that beautiful sight," — rhil. Trans. voL 
xc. p. 54. 

]2. Atmospheric obstacles, and other causes of limitation to magm 
m/ying power. The four surfaces of an achromatic objecl-glass, 
or the single one of a speculum, cannot be wrought to absolute 
perfection, or if they could, they could not remain so, but would 
oscillate on either side of it by change of temperature. As the 
effects of such imperfection are magniHed by the whole optical 
power of the instrument, this cause alone prevents the applica- 
tion of glasses of extremely short foci. 

Again, as the power is increased, the field is very much di- 
minished, and the diurnal motion of the earth is magnified inths 
same ratio. The field with GOO or 1000 will little more fhsn 
comprise one of the larger planets, and a star vanishes at the 
edge of the field in 2 or 3 seconds. It requires much skill id 
the observer to keep the object in the field at all, and more to foU 
low the star, manage the focal adjustment, and exercise severs 
scrutiny, all at once. 

But the chief bar to magnifying power is in the atmosphere. 
The air is seldom so well balanced, aa to be without contrary 
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currents and motions, which produce slight transitory undula- 
tions and variations of density. In a section of the broad beam 
of light which is to enter the telescope, there is room for con- 
siderable momentary differences of density, and consequently 
of refraction. Where the rays before incidence are thus irregu- 
larly deflected from perfect parallelism with each other, and 
quivering or vibrating about a mean state, the point of light 
which they form after reflection must be troubled and confused. 
The star in the field of view is in constant and rapid agitation, 
like an object seen through smoke or heated air, or the image of 
the sun on gently rippling water. According to different cir- 
cumstances of atmospheric disturbance, the appearances of the 
star to an attentive observer, are very different Sometimes the 
individuals of a close double star twirl round each other, altering 
much their angle of position ; sometimes it appears like a drop 
of agitated mercury « — ^very frequently writhing and convulsed, 
breaking in pieces and reuniting, — occasionally heaving gently 
like the sun reflected on a calm swell ; — and the rarest of all 
states is that of perfect rest These motions are minute, but are 
excessively troublesome, and in the majority of evenings prevent 
the application of very high powers, or the separation of very 
close and difficult stars. An excellent telescope might very easily 
be condemned for supposed want of optical capacity on an un- 
favorable evening. Its merits should not therefore be judged of 
too hastily, nor until several evenings' patient trial. And unless 
the star is free from any rapid quivering or agitation, it cannot 
be judged whether the atmosphere or the telescope is most in fault 

13. There are many causes of disturbed equilibrium which it 
is in the power of the observer to remove. A telescope pointed 
out of a window, especially in winter, or over houses and walls 
heated by the sun during the day, will exhibit objects in a very 
inferior manner ; and, when brought out of doors, it needs a 
quarter or half an hour to acquire perfectly the temperature of 
the surrounding air. It is diflicuh to decide upon the atmospheric 
circumstances most favorable to perfect action in tetescopes. As 
a general rule, it may be observed, that stars seldom appear well 
in clear frosty nights, or when they twinkle much to the naked 
eye. Sir Wm. Herschel remarks that " when the outsides of our 



IS TTIE TELESCOPE. 

telescopes are dropping with moisture discharged from the ■ 
mosphcre, there are now and then favorable hours in which it iid 
hardly possible to put a limit to magnifying power;" and it ii 
not uncommon to find that a slight haze improves very much ttM'l 
definition of close double stars. 

As the aperture of a telescope is increased, the breadth oftha J 
beam of light which traverses the atmosphere becomes larger,. I 
and affords room for greater inequalities of density. The aU 1 
tnosphere thus puts a speedy bound to all human efforts made I 
within a medium so fickle, and must frustrate attempts to cid' j 
ploy telescopes of enormous magnitude. The 40-ft, telescope of I 
Sir Wm. Herschel was nearly useless from this cause alone ; for | 
there were scarcely 100 hours during a year, in which it could I 
be used to any advantage, 

14. The observer will be a little surprised to find that slan j 
have neat, well defined discs, especially since it is customary in j 
philosophical treatises, to say that they are absolute points, with- j 
out apparent size. This very common remark is true in this, j 
that no magnifying can give the stars a real diameter. But 1 
n Lyrse, or any other bright star, appears in the telescope with 
a well defined and sharply terminated disc, of definite and seo- 
sible diameter, aa certainly as Jupiter or Saturn. The ditifer^ 
ence between them is not in appearance, but in fact. The discs 
of the stars are spurious, and are due to irradiation, which al- | 
waj's increases the diameters of intensely bright objects, — a phe- ] 
nomenon probably due to retinal sympathy. They are very 
small, and often confused amidst the aberration caused by im- 
perfections of figure, tremors, and llieir own dazzfing brightness, , 
In the best telescopes, on the finest nights, and with high powers, | 
they are most neatly defined, and beautifully seen ; — and are then ; 
steadily surrounded with a number of slender circular rings of , 
light, concentric with each other and with the star. Stars of the \ 
first magnitude have the largest diameter, and below a certain 
brightness this phenomenon ceases on account of growing indi» 
tinctness and want of stimulating power. 

15. Comparison of Rtfractorit and Reflectors. 

We are now prepared to form some comparison between the 
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respective advantages of achromatics and reflectors, of which 
latter we will take the Herschelian as the simplest form. The 
achromatic is less subject to atmospheric disturbances, and per- 
forms more uniformly at all times and under all circumstances ; 
while the speculum of the reflecting telescope is often liable to 
tremors, and requires very perfect equilibration of temperature. 
On the Other hand, the discs of stars appear smaller in reflectors, 
and are therefore more easily separated, when close double. 
Reflectors too are in their nature perfectly achromatic, and ccJor 
can only arise from the use of deep eye-lenses. They admit of 
being mounted more steadily than refractors ; for the object-metal 
of a reflector is below the eye of the observer, resting nearly or 
quite on the ground, — while the object-glass of the other is high 
above the observer's eye in the air, and very frequently set in 
vibration by every breath of wind. Again, vision is more easy 
in reflectors ; for the eye in the Herschelian looks downward, 
as in reading a book, and in the Newtonian, it looks direct- 
ly forward horizontally; but with achromatics, especially at 
high altitudes, the head must be bent backward and held in a 
posture very tiresome and inconvenient, unless supported. 

The apertures of achromatics are usually less in proportion to 
their focal lengths, than those of reflectors. We will adduce a 
few instances by referring to several telescopes: 

Achromatics, 
Sir J. Herschers 7-ft. equatorial, 5 inches aperture. 

Several 10-ft., by G. DoUond, 5 " 

Refiectors, 
The favorite 7-ft. of Sir Wm. Ilerschel, 6} inches aperture. 
** 40-ft. " 48 " 

These, and many other instances, show that the proportion 
found best in practice is for reflectors about 1 foot of focal length 
for every inch of aperture, and for achromatics l)ctween 1 and 
2 feet of focal length for the same aperture. But since glass 
transmits much more light than polished metal reflects, achro- 
matics, though of smaller aperture than reflectors of the same 
focal length, are nearly equal in light and power, and we shall 
regard them as such in speaking of the test-objects. 
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10. On /Ar tett-^i^fcla of tdetcopk jtaiiTr and light. 

The usual objects of telcacopk exanunatioD, especially the ten* 
objects, will afford to the obsencr occupation, rich in interest 
and novelty. The solar spots, irre^ar dark forms, surrounded 
vriih their umbrae. — the bright ridges or faculae, interwoven like 
the vessels of a leaL — and the oiottlcd appearance of the whole 
dice of the mtu arc easily seen in a 5-A. telescojie, with a power 
of 100, jkrovided the dark glass he good. Mercury and Venu£ 
reqairo magoifying power, ditninulion of aperture, or sUght haze, 
tn take ofT their dauling hriiliance, and are iixuatly very tremu- 
lous. Tite phases o\' the former may be seen indistinctly, and 
those of the latter with beautiful precision and clearness under 
favdraUle ci re ii instances. The variegated appearance of the 
moon, her diversity of light and shade, wide level plains, annular 
moimtains, and loAy ridges, render her in any telescope the most 
striking and magnificent of astronomical objeeta. No employ- 
nienl can be more interesting to the amateur aslrooomcr than to 
watch from night to night the boundar)- of light and shade, &s it 
paiwes over the lunar disc, — lo see ibe mountains iirst appearing 
B3 separate fragments of light, soon joining and advancing into 
the bright portioo, but still casting their long shadows back into 
the darkness, — to see these shadows separating at last from the 
dark portion, and gradually shortening as the long lunar day ad- 
vances. The strong contrasts of liglit and shade, and dazzling 
brightness of the lunar disc, arc apt lo surprise and confuse the 
observer ; but a little familiarity with its appearance and changes 
will very soon accustom him lo judge as correctly of the ine- 
quaiitit's of her surface, as of the irregularities of the ground 
beneath him, when lighted by strong sunlight. A power of 100 
or more will show (hat the circular edge of the moon's bright 
linili is slightly irregular, and broken by mountains and valleys, 
seen in profile. This beautiful object is best exhibited in her first 
ahd last ([uartors, and is least interesting when full. 

The moons of Jupiter are williin the reach of any telescope 
above 1 ft. in focal length. His two principal belts are rather 
more djlliciilt objects, and to inspect them minutely requires a 
power of mnro than 100, and an aperture of several inches. 
With a good 7-ft. reflector or achromatic, the transits of satel- 
lites and their shadows over his disc may be observed with ease. 
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The ring of Saturn is easily seen with a 2 or 3-ft. achromatic. 
The belts upon his body require light as well as distinctness ; but 
a power of 100 on a 5-fl. reflector should show them to advan- 
tage. The black division which separates the ring into two is a 
severe test for good telescopes. It can be seen in excellent tele- 
scopes of 4 or 5 feet focal length, or even less, but the powers 
of a 7-ft. are requisite to give a satisfactory view of it. Even 
with an instrument of this magnitude, it is very rare to see the 
ring divided any where but at the two extremities of ^_^-^_^ 
the oval, as in the annexed cut. To trace the divi- ^^__^^ 
sion where narrowed by the effect of projection, and 
nearly throughout the visible portion of the ring, requires the 
most favorable night, perfect steadiness in the instrument and 
great excellence of figure, a practised eye, and the planet near 
the meridian. The telescope that has exhibited the division well 
at the extremities of the ring, has passed a very severe test, and 
is competent to deal with the greater part of HerschePs first class, 
or the closest of double stars. 

17. The double and triple stars present an endless variety of 
the most delicate objects to the attention of the observer. They 
are — ^first, of all degrees of proximity ; — ^secondly, of all grades 
of inequality. Many are farther apart than the diameter of Ju- 
piter, (from 30" to 40",) and some are closer than the breadth 
of the division in Saturn's ring, which is less than 1". The 
black interval between the two stars of Castor (fig. 1.) is about 
once the diameter of the larger, or li times that of the smaller 
star ; those of y Leonis (fig. 2.) very nearly touch one another ; 
and the two nearest of ^ Cancri (fig. 6.) are seen nearly or quite 
in contact. A closer approximation makes the discs overlap one 
another, appearing like a double-headed shot, as y Virginis in 
1838 (fig. 9.), or if very unequal, wedge-shaped, like X Ophiuchi 
(fig. 4.) If still closer, two equal stars appear morcly a slight 
elongation of one, as y Virginis in 1837 (fig. 9.), and a faint 
companion only distorts the disc of the larger star. A star, how- 
ever, may present diflficulties, not from the closeness, but from the 
faintness of its companion. And the observer, by visiting in 
succession the small stars attendant on Polaris, a Lyree, and i| 
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CororiK,* will gradualiy descend to a degree of faintness, vhiol 
requires long attention to be visible at ai\. 

Double stars vary in still another particular — viz. color, A ' 
few offer splendid contrasts, among which are y Androraedie, red 
and green, — Cygni and i Bootis, in both of which the smaller 
IK a fine blue star. The larger star is never blue or green ; the 
timaller in these combinations may be either, Bod occastODally we 
find it of a fine purple. 



18. The following list of test-objects will enable the observer 
to choose such as will try the powers of his instnunent to the 
utmost. 
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These tests of iiislinctnesa and light are such as ought to he 
wttliin the reach of very good telescopes of the focnl lengths 
aesigned, and of the apertures usually corresponding t" iliem. 
Occasionally an object-gtaas or speculum is foritiiialoly wrought 
to such perfection, that it may resolve nearly all of tlie tcsU 
which have been recommended for a larger telescope. The ob- 
■errer, however, with an inslrumenl of but common excellence, 
can scarcely ho]»e to do more iLan separate the teats appropriate 
.to its size ; and indeed, oiJy the easiest of ihese. while unprac-" 
tisod in observation, and unfamiliar with atmospheric obstacles 
to perfect vision,* 

ID, A few of the more remarkable combinations of double 
and multiple stars are represented in ligs. 1 — 9. 

Figs. I and 2. — Castor and ■;■ I^onis with a jiower of .tHO. 
Standard and beautiful objects, on account of the brightness of 
the individuals. Both slow binary. 

Figs. 3 and 4. — 39 Draconis and X Ophiuchi with 300, Tho 
latter is binary, and so rapid in its revolution, that a few years 
will probably render it too close to be visible ; it can now be 
seen only wedge-shaped, 30 Draconis consists of 2 stars, the 
larger of which is the double star. 

Figs, 5 and 6. — 11 Monocerotis and ^ Cancri with 300. The 
former is stationary. The distant star of ^ Cancri is in very 
slow motion; and the two nearest are in rapid rotation, | Li- 
bra;, and probably 12 I-yncis ((>'•■ 30'". 4.59" 37') are also triple 
stars in revolution around a common centre of gravity. 



•Tlic acluBl prrfttfmoncc of an cicdlcnt Ti-fl, ILrsclitiian of Mr. Holcombe's 
man ufi.c lure will affgrd Ihc Bliiiifiit uii illuslraiitm of Itic advontaEc of ri-fercncc to 
tes(.otijccls. Witli Uic inslrumcnt n'fvrrcd to. ( Lil>r^ and i lloolia have bt-cn nflcn 
and raeilv Bcparated, and ; Cancri b-cII dongati'd, A nte niglit carls in 1?3«. fliow. 
ed Y Virgiiiis and X Opiiiuclii notclitd on fitliiT Bido, ir Annila; was prononncid a 
very cany star, and Salnrri's ring was srcn dinilde nearly tlirougliout ils viwldc jior, 
lion. 3G Andromedie is also within the rcucli of the inslrumenl. " D^bdisKinia" iraj 
firtl looked for througii a very thin liaic, bill nas (iistincllj' seen nilli 5 inche* oper. 
turc by ghmpwB, and corrccdy fisjiiniL And siiicu on n'rcrrin; to European observa- 
tioni-, we find lliat few or nunc of llicir tclescnpea of equal focal lensHi arc competent 
la rOBlvo cloicr tc»t-obj.ctB Ih;in iIiob,', we arc tlius enabled lo decide on the great 
excellence of Itlr. Ilulcombc'B inHlritmeut. It may lie of uae to the inexperienced ob. 
■eirer lo add, Uial at first it was Ibonghl no small achievement to separate y Leoois 
Willi tliig telescope, and { Librs could not be seen at alt. 
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Fig. 7. An accurate representation of the fine double-double 
star 6^ and ^ Lyrse with 150. The unequal set is ^, the equal is 
s*, and both are slow binary stars ; a star of the 10th mag. fol- 
lows on the right hand. The faint " Debilissima" is between, 
the uppermost of the two being the brightest^ and both necessa- 
rily much exaggerated. 

Fig. 8. (T Orionis with a power of 80. Composed of 7 stars 
easily visible in a 3 or 5-ft. telescope. 

Fig. 9. 7 Virginis with 300. In June 1836, it passed its pe- 
rihelion ; then, and in 1837, scarce a telescope in the world could 
show it otherwise than round, and none more than a trifle e/on- 
gated; in Jan. 1838, the elongation might be seen notched on 
each side; in Jan. 1839, there was a hair-breadth division; and 
now in 1840, it is fairly and easily separated with a large tele- 
scope. Its appearance for 1845, 1850, and 1860, are also given, 
and the several phases when combined, plainly indicate that the 
elliptical orbit annexed to the figure, is described by one star 
relatively around the other. These phases are taken from the 
distances and positions of the table in Art. 29. 

These figures represent the stars as they are seen in an achro- 
matic telescope when on the meridian, and by holding them be- 
fore a looking-glass, they will appear as in a Herschelian. The 
letters 7i,/, *, jo, signify respectively " north," " following," " south," 
" preceding," and mark out those directions in the heavens. The 
revolving stars naturally excite the most interest, and these rep- 
resentations therefore, (with the exception of 39 Draconis, 11 
Monoccrotis, and (f Orionis,) are chosen from that class, and ex- 
hibit them in their true positions for the year 1840. 

20. The nebulte and clusters of stars dre in a large telescope 
objects of uncommon interest, because different from any thing 
we see with the naked eye. Of these the Nebula in Orion, of 
an irregular shape, and containing a minute trapezium of stars, 
is the brightest. It has a nebulous star in the same field. The 
Nebula in Andromeda (M. 31) is a very long ellipse, fading im- 
perceptibly away from a bright centre ; there is a nebulous star 
(M. 32) almost in the same field with it, and a faint nebula at a 
little greater distance. These two bright nebulae are well seen in 
achromatics of 3 and 5-ft., and are splendid objects in large tele- 
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scopes. There U a pretly bright nebula in Sagitta, {iff^ 53.^. 
+22° IG'O which in a 7 or 10-ft. maybe seen as a double-headed 
ghot, or double nebula not quite separated. Between /3 and y 
LjTffi is a wonderful annular nebula (M. 57 ;) it requires a good 
eye to distinguish the " hole in it" in a 7-fl. reflector. Through 
the double star 52 A Cygni (30''- 38.9". +30= 7',) passes an ex- 
ceedingly faint, forked ray of nebulosity, which can but just be i 
seen in a 10 or 12-ft. instrument. 

In Cancer, the naked eye may easily see a nebulous appear-'! 
ance, like a comet, called Prtesepe, (S*" 30.4"". +20° 34'.) which a 
3-ft. telescope shows to be a briHiant cluster of large scattered 
stars. Midway between Cassiopeia and Perseus, in the sword- 
handle of the latter, a hazy slar, x Persei (2''- 7 — 10". +56°.22') is i 
faintly visible to the eye, which a 5 or 7-ft. telescope exhibits a 
two clusters of crowded stars, each fllling the field — a glorious 
object. These, however, are but coarsely scattered collections 
when compared to Messier's 13lh (le"- 35.7"'. +36'^ 48') and 5th, 
which in a 7-ft. are nebulous, with the addition of a few faint 
glimpses of stars ; a 10-il. shows many faint stars, but it requires 
at least a 14-ft. to resolve all the nebulosity into slai-s, and ex- 
hibit them as dense swarms, running up to a blaze of light in the 
centre. M, 13 is between ij and ^ Herculis, and M. 5 is almost 
or quite in the same field with 5 Serpentis. 

21. How to find objects for earamination. 

A familiarity with the geography of the heavens is so ne- 
cessary for the observation of such objects as we have named, 
that in no way can it be acquired more rapidly than by looking 
for faint stars with the telescope. A good mnp of llie hemriis is 
here an indispensable auxiliary. The best of the kind easily ob- 
tained are those of " The Society for the Diffusion of Useful 
Knowledge, London." The larger set are expensive, but the 
price of the smaller does not exceed 92. 



28. Stars are numbered on maps and in catalogues in several 
different ways. Thus-^ Orionis— 58 Orionis— P. V. 268 an 
synonyms for the bright star Betelgeui. 58 Orionis means the 
68th star in order of right ascension, of those which Flamsleed 
numbered in Orion, and P. V. 2G8 refers to tlie 208th star in or- 
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der of right ascension between 4^ and 5^ R. A. in Piazzi's cata- 
logue. Double stars and nebulae are referred to in catalogues by 
abbreviations like the following: H. II. 79, is the 79th double 
star or nebula of Sir Wm. Hcrschel's second class; A. 1239, de- 
notes a double star or nebula of that number in the younger 
Herscbel's catalogues ; M. 13, is the 13th nebula of Messier*s 
catalogue, &c. 

23. The points of the compass in the heavens are — ^north^— - 
following, — south, — ^preceding^— denoted by their initial letters. 
A star that precedes another arrives at the meridian first, and its 
right ascension is therefore less than that of the other. The pre- 
ceding point of the field of view is always that towards which 
a star moves by diurnal motion ; and the observer, by noticing 
this circumstance, is at no loss to conceive of the other car- 
dinal points in his field. For in an achromatic, the points n, y, 
X, />, follow the circumference of the field in a direction contrary 
to that in which the hands of a watch revolve ; in a Herschelian, 
they follow in the opposite direction, or with the hand of a watch. 
The following cut exhibits the different positions of these points 
when the star moves horizontally, or is on the meridian. 

In an 

ACHROMATIC. HERACHELIAN. 
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-P North of the zenith^ below the pole. 



It is to be noticed that an achromatic inverts entirely, both up 
and down, and right and lefl ; while in the Herschelian objects 
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are only invcried up and down, as when seen in a stilt lake. 
This in because the mirror, at the same time that it inverts like an 
achromatic, reverses right and left as in a common looking-glass, 
ihua destroying the effect in a horizontal direction. In a New 
tonian, because of the second reflection, objects appear as in an 
achromatic. 



i 



24. Suppose the object to be looked ibr is put down on the map, 
and vitihle to tiie naked eye, tor instance, 39 Draconia. A kind 
of trianguiation may be carried on by means of the map ft 
the large and well-known stars in the neighborhood down to 
point required. The star, when found, should be bo carefi 
compared with the surrounding objects by means of the mi 
(especially by ranging it with stars nearly or quite in the 
line,) that no doubt may remain of its identity. For with< 
much care and precision, fancied resemblances of bearing ai 
distance may be mistaken for real ones, and the observer may ba^ 
mortified with the discovery, that he has been exercising mudt' 
needless scrutiny and attention upon the wrong star. If the (^ 
ject is invisible to the naked eye, the exact point among the slan 
towards which the telescope is to be directed, may be determined 
in the same way. If not recorded on the map, a pencil dot may 
be made to mark its place, when its right ascension and decline 
tion are given. 

When the star, or the point where it should be seen, if visible, 
is thus determined by the eye, — direct the lube of the telescope 
or finder as nearly as possible to the spot ; and make the imi 
of the cross-wires, viewed with one eye, approach the desired 
star or point, as seen with the other. It is usually best in prac 
tice, to bring the nearest bright star on the cross-wires, 
then move in the direction of the object, still employing bin< 
lar vision. By remembering that the finder inverts, and nolicii _ 
the scale of its enlargement, it soon becomes easy to trace the 
inverted and magnified but still similar configurations of ihe 
finder, proceed from star to star, and thus arrive at the object 
in the finder, though invisible to the naked eye. 

25. Other modes of finding an object, when invisible to the 
naked eye, will be but hinted at. An object invisible even ia 



nage ,- 
^red„H 
>rac< ^H 
andS 

icingV 



I 



THE TELESCOPE. 23 

the finder, may often be detected by ranging in its vicinity, with 
one observer at the finder, and another watching the field of 
view ; the annular nebula in Lyra is thus found without much 
difliculty. If an invisible object follows a visible star in the same 
parallel, and is less than a diameter of the field of vision north 
or south of that star, it may be found with the aid of a common 
watch, by allowing the diurnal motion of the heavens to sweep 
past the field of view the partial zone that intervenes between 
the star of departure and the object to be found. If the tele- 
scope can be so placed in the meridian as to rise and fall through 
a small zone with tolerable correctness, (for which purpose such 
simple methods as suspension of the upper end by a cord and 
pulley, or a bearing of the same against a wooden bar truly 
upright, will avail,) the faintest objects within the reach of the 
telescope may be found without the aid of a map by their right 
ascensions and declinations, taking care to note the passages and 
declinations of a sufficient number of known stars to furnish 
standards of comparison. A common watch will answer to 
measure right ascensions, and any good scale of equal parts will 
serve for the small zone of dechnation. 

26. How to examine a difficult object to advantage. 

Suppose the object is a close double star, which has been found 
with a low power. Put in as high a power as the object will 
easily bear, and adjust for distinct vision. It is easy to hit a point 
of tolerably distinct vision by turning one way and the other, 
for growing indistinctness on either side shows the necessity of 
turning back. But on a delicate object the most perfect vision 
of the object can only be obtained by adjusting this point with 
the utmost nicety and repeatedly, and the focal point that is best 
suited for one eye will not answer for another. A ncar-siglitcd 
eye requires that the eye-piece be pushed in a little farther than 
usual. The object should be kept in the middle of the field, or 
suficred to cross the field diametrically several times. If the 
telescope is really excellent, and the object looked at not a very 
difficult one, few evenings occur in which, however disturbed the 
star may be, there are not momentary pauses and qnicHcences, 
during which a quick eye may catch a glimpse of neat and per- 
fect separation between two well defined discs. A few such 
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glimpses will sellle the point. If the night is a rare one. the 
most difficuU objects may be attempted, and these should be ns 
■erTcd for such occasions, for it is useless to attempt to deal with 
tbctn at ordinary times. 

If the object L3 the very faint companion of a star, or the mowl 
diffuse parts of a nebula, a nurprising advantage is usually gain- 
ed, by directing the eye to a part of the field at some littJe dis- 
tance. Besides indirect vision, a careful seclusion and rest of 
the eye from alt light, even from that of the sky, for a short lime, 
increases its susceptibility to the impressions of light. A mode- 
rately high power is somctimoa needed upon faint stars to render 
them visible, although uguatly low powers are considered brighter. 
In all cases, whether the object be close or faint, diiTerenl eye- 
pieces and difTcrenl single glasses should be tried successively, to 
ascertain with what combination the effect is the best. 

27, 7b remedy the dpfccls of a tctacepe. 

The outer border of an object-glass or speculum is frequently 
iinpei^ect, on account of the difficulty of figuring and polishing 
surfaces true to the very edges. A great advantage in defining 
power is frequently gained by a diaphragm, or a succession of 
diaphragms, that shall contract the aperture by little and little. 

All optic glasses, when dirty or dtisly, should be wiped care- 
fully with chamoif leather, or clean soft cotton, free from dusi, — 
never with silk, which will in time wear many scratches. But as 
a general rule, it is best to wipe the glasses as seldom as possible, 
and then lightly and quickly. Specks of dust interfere very 
much wiih perfect vision, especially on eye-glasses, and it is there- 
fore almost needless to caution the observer to keep them con- 
stantly and closely covered, when not in use. The speculum of 
a reflector is more liable to become tarnished and dirty than an 
object-glass ; but since it is more easily scratched, it is best to wait 
until the evil becomes very troublesome. A closely adhering 
film of dirt, and even an incipient oxidation, maybe removed by 
spreading over the siirface a drop or two of oil of turpentine, 
and, when it is nearly dry and hard, applying a piece of soft 
leather, with a firm hard pressure. The strong adhesion of the 
oil will bring off with itself all that can be safely removed from 
the surface of the speculum. 
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The action of a telescope that is unsteady in windy weather 
may usually be improved by bearing the farther end of the tube 
against some steadily yielding support, as a bar of wood leaning 
against the side of the telescope, or a double-folding window- 
shutter. 

28. We will conclude the subject by pointing out to the ob- 
server the different ways, in which he may employ himself agree- 
ably and usefully with the aid of the telescope. 

There is enough of strong interest and deep instruction in sur- 
veying the more secret of the wonders of the sidereal heavens, 
to render the use of the telescope, with no other object than per- 
sonal information, an occupation elevating to the mind, no less 
than it is novel and delightful. And one who thus seeks for him- 
self and his friends, a more intimate acquaintance with the grand- 
est works of nature, than is commonly obtained in the progress 
of education, cannot be said to spend the fraction of time which 
he devotes to these studies otherwise than most usefully and pro- 
fitably. At the same time, there are few observers, who, if in 
addition to these sources of gratification, they could be conscious 
of adding a tribute, however humble, to the sum of human 
knowledge, and of advancing a little a science, whose long and 
splendid histor}% and present greatness, is written in the succes- 
sive contributions of individuals, would not feel a more keen in- 
terest and animation in the pursuit. A few of the more eligible 
modes of employing the telescope to advantage, will therefore 
be suggested. 

29. There have been multitudes of those curious systems, call- 
ed double and triple stars, observed, carefully registered in dis- 
tance and position, and inserted in catalogues. A considerable 
part of them have been reviewed, and material, sometimes very 
considerable changes of angle and distance in a very few have 
at once detected a rapid revolution. Great numbers have never 
been examined but once ; and among these some revolving or 
binary stars doubtless lie concealed for want of a second obser- 
vation. The angle of position with the meridian is recorded in 
catalogues in two different ways; the old method reckons it 
from 0'' to 90"" in each quadrant from the parallel towards the 

4 
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meridian ; while that more rccenlly adopted reckona from the 
north poini, around the circle in the direclion n,/, s.p. Thus 
10° a p corresponds to 260° of the new nomenclature. Ttie ob- 
server may sweep a small zone of ihe meridian in the way re- 
commended in Art. 35, and examining each faint and very close 
double slar that has not been repeatedly observed before at ver\' 
distant intervals of time, record its approximate distance and 
angle of position. The diagrams in Art. 23, will readily suggest 
the mode of estimating the latter, and the insertion of corre- 
sponding cross-lines in the field of view faintly illuminated will 
much aid the judgment. Any star that has varied its angl^ of 
position by 10° or more, would in this way be instantly detected 
by a careful observer. And the demonstration of the compara- 
tive fixity of the remainder would be of no inconsiderable im- 
portance. 

Thus the observer could not mistake tlie changes either in dis- 
tance or position, which have occurred and which will occur in 
y Virginis, as represented in fig. Q. That he may avail himself 
of its rapid motion to try the accuracy of his estimations from 
year to year, we subjoin a table of the successive meridional ap- 
pearances of this interesting system until 1860: 









7^ 


irginis. 




1 n,«. 


i>yuD« 


100= 
60 
41 


D.I.. 


1".4 
1. 6 

1. 8 


P«Q« 




1837.0 
1838.0 
1839.0 


0."5 

0. 8 

1. 1 


1840.0 
1841.0 
1842.0 


31" 
25 
20 


1846.0 3".3 10'= 
1850.0 3. 1 1 
1860.0 4. 3 350 



•fcits^ 
nabiBH 



ff CoronsE, another of our Icst-objectB, is rapidly increasing il 
distance in much the same way, and from nearly the 
of perihelion passage. 

A good micromeler attached to a telescope will furnish 
ployment enough to the most active astronomer. I( will ensUt 
him to detect far slighter changes in distance and position ihi 
mere estimation can do, — to confinn old determinations, — and 
to settle the elements of new objects. (See Art. 33, on " the 
Micrometer.") 

30. Again, there are probably many telescopic comets roam- 
ing abroad in different parts of the heavens, especially in that 
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part of it which is nearly lost in twilight. A telescope of large 
aperture and great light, with very low power and a wide field 
of a degree or two, or even more, (aptly termed a sweeper^) is 
admirably adapted to explore carefully the twilight sky, and 
keep watch for comets. Any nebulous appearance is quickly 
detected, and its motion and situation will show very soon 
whether it is a nebula or comet The announcement of the 
discovery of such a body is instantly followed up by careful ob- 
servations upon it at the principal European observatories. 

31. Eclipses of the sun and moon, occultations of stars by the 
moon, the eclipses of Jupiter's satellites, &c., are events of much 
interest, and good observations of the exact moments of their 
occurrence are always esteemed important additions to practical 
science. If the observer has access to a transit instrument, or 
sextant, his telescope will afford very useful occupation in such 
kind of observations. An immersion or emersion of a bright 
star at the moon's dark limb is a beautiful sight, often absolutely 
startling, for the star flashes into view or vanishes from sight in 
dark space without a moment's warning, and as far as sense can 
discern, instantly. The time can usually be noted to the accu- 
racy of the fraction of a second at the dark limb, but is more 
uncertain at the bright limb, especially when the star occulted is 
below the drd magnitude. But to be well prepared for pheno- 
mena of so sudden occurrence, it is necessary to know before- 
hand the approximate time of immersion and emersion, to the 
nearest minute or two, and the angles from the moon's vertex 
reckoned around her circumference, at which the star will disap- 
pear and reappear. Directions for calculating these roughly 
will be given in the chapter on " Eclipses and Occultations." 
The observer, with such preparation, has only to count from the 
clock for two or three minutes before the time appointed, with 
his eye on that part of the moon's edge indicated by the calcu- 
lated angle, and very nearly at the expected instant and place, 
the star will appear or disappear, as the case may be. The chap- 
ter on " the Transit Instrument" will direct him how to conclude 
the true time of the observations from the recorded instants, and 
he will then have the means of determining his longitude, if he 
chooses, for which purpose he may consult the chapter on that 
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subject But, if he does not wish to carry bia obserrstioiu to 
their conclusioiui, tbeir publication will place tbem in tbe haod* 
of those, who will oiake the requisite use of tbem. 

But there are a number of highly interesting phenomena, 
whose laws are as yet little more than conjectural, connected with 
eclipses and occultations ; these need the li^t that can be tlirown 
apon them only by obaervation, and will render it worth the ob- 
server's while to watch these phenomena closely, even if he has 
no knowledge of the true time. Thus, tbe first indentation of 
the moon in a solar eclipse is probably in many cases a deep, 
acute notch in tbe sun's edge, soon blending with the moon's 
limb ; and in an annular eclipse, the phenomena attendant on the 
formation and rupture of the ring are beginning to excite much 
interest and careful attention. In occultations, some bright stars, 
and Aldebaran especitdly, have been seen in a number of cases 
to advance apparently upon the moon's bright or dark limb, and 
that to a very perceptible distance, before they vanished,^ — a point 
strongly demanding the notice of future observers. And it is de- 
sirable to know whether there is ever any perceptible distortion or 
diminution of brightness in a star or planet on m^roaching the 
moon's dark limb, or any appreciable time occupied in the act 
of disappearance. These, and a number of other particulars, 
which are not yet free from mystery and uncertainty, need very 
much the aid, which active and careful observers, with no other 
instruments than excellent telescopes, can bestow. 
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They may be classed as follows ; — first, those which serve to 
measure small celestial arcs, either directly in the field of view, 
or indirectly on the limb of an instrument. These are microme- 
ters under their varied forms, the vernier^ the reading micro* 

MCOpCj &C. 

Secondly, those which aid in determining fixed points of the 
sphere, or of the limb of an instrument, especially the zenith and 
horizontal points. These are the levels the plumb-line^ the artifi' 
cial horizon^ the floating collimator^ &c, 

83. The micrometer is the most important of all those instru- 
ments which are to be used only in connection with others. Its 
object is to measure distances in the field of view. Suppose we 
insert a pair of movable wires exactly in the plane of the aerial 
image or focus of a telescof>e, and are enabled to measure their 
separation by a delicate scale outside of the tube ; we obviously 
have the means of accurately measuring the dimensions and rela- 
tive distances of the images of planets and stars. For the images 
of celestial objects and the movable spider-lines are equally in 
the focus of the eye-glass, and the eye refers both to the sphere 
of the heavens. The scale of the micrometer is, however, only 
a comparative one, and the value of any portion of it, as an inch, 
or fraction of an inch, must be found in seconds of space by 
measuring bodies of known diameter, or stars of known distance, 
or by noting the time in which a star of known rate of motion 
pa<sses over a given interval.* 

The numerous varieties of micrometers are all calculated to 
measure the focal images of the heavenly bodies by reference in 
some way or other to a delicate scale, and may be classed under 
three principal species. The first comprises those in which some 
simple form of scale is inserted in the field of view at the focal 
image ; the principal of which is the wire or spider's line mi- 
crometer. Cavallo's transparent scale of motlier of pearl, reticu- 
lated diaphragms and networks of lines, and annular microme- 
ters belong to this class ; and it may be said to include also the 
cross-lines in the field of view of all fixed instniments. The 
second are double im/rge micrometers, in which, by the division 

* See the method of fioding " the eqtuitorial interval** in tlic chapter on ** the Tran. 
•it Infltmment.'' 
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of some lens, mirror, or prism, two images are actually made « 
the same star in the plane of the focal image, and their sep) 
tion U measured by the separation of the halves of the lene q 
mirror, and an attached scale. The chief of theae is Dolload^ 
object-glass micrometer. The tfiird are binocular micromeler%fl 
in which distances and diameters seen in the field of view with 
one eye, are compared with some species of scale seen outside 
of the telescope with the other. 

34. We shall take for an example the most common form, the 
wire or spider-line micrometer, and refer to fig. 10. in our brief 
description of its parts and their use. It consists of a closed 
shallow box 1 or i inch thick in the direction of the axis of thft- 
telescope, 1 or 2 inches broad, and 3 or 4 long, with a divided 
screw head at each extremity. Its general appearance, when 
attached to a telesci^>e, may he seen in fig. 11. If we should 
take out the eye-piece, and remove the cover, the appearance 
fig. 10. would be presented : aaaa are the sides of the containing 
box, seen edgewise ; the two forks of brass, bbb, ccc slide one 
within the other and in opposite directions, and across them are 
respectively stretched the spider-lines, d and e. To them 
firmly fastened the screws ff, which, passing through the endt 
of the box, enter the nuts or divided heads gg. It is obvio)u^< 
that whenever these latter are turned in the direction indicated 
by the figures on their circumferences, the forks 6, c will be 
drawn outwards; and on turning in the contrary direction, the 
springs kh tend to push the forks inwards, and thus prevent any 
shake or loss of motion in the screw. The screws have about 
100 threads to the inch, and one revolution of the divided head 
g therefore carries the line d over the -riith of an inch ; but to 
such exquisite perfection has the cutting of these 
carried, that by dividing the circumference of the nut g into 100 
parts, tIj of each thread, or TBiir of an inch may be perfectly 
reckoned. The field of view is oblong, and within it are 
the lines d, e, and on one side a notched scale of teeth corre- 
sponding in size to the threads of the screw ; every fifth one of 
these are cut deeper than the rest, and they are numbered from 
zero at the centre by tens in each direction. The spider-linot 
may be brought to coincide at zero, and even to glide by each 
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Other a little way, e passing very close under d. Suppose them 
both at coincidence at zero of the scale, and that it is required 
to measure the diameter of the sun ; turn either nut, as g, until 
d is drawn so far out, as to touch one limb, while e touches the 
other ; read off in the field of view how many notches have been 
passed over by the wire, and on the divided head against a fixed 
mark the fractional part. Thus, if d is between the 22nd and 
23rd notch in the field, and the diamond mark k stands at 72, the 
measure will be 22.72 revolutions of the head. This can be re- 
duced to seconds of space by knowing the value of each thread 
of the screw, (see Art. 33.) If e also has been moved in the 
opposite direction, the space passed over by that thread must be 
added to the other. 

When this apparatus is attached to, and carried round by, a cir- 
cle, divided into degrees and parts, it becomes a position microme- 
ter. By placing the fixed wire / so as to bisect both the stars to 
be measured, their angle of position with the meridian may be as- 
certained. Fig. 1 1. represents such an arrangement ; the divided 
circle a, and with it the box b and attached eye-piece, are carried 
around to any position desired by turning the milled head s, and 
the angle is read off by aid of the fixed vernier c. 

35. The vernier. — It is an undertaking as diflicult as tedious 
to divide the limb of an instrument with refined accuracy. This 
renders it desirable to make as few divisions as possible, and de- 
scend to any further subdivision by some contrivance, which can 
be applied successively to different parts of the Umb. Such arc 
the vernier and reading microscope. 

The principle of the vernier is as follows : If a small arc of 
equal radius with the limb of an instrument, and sliding in coin- 
cidence with it, be divided so that any numl)cr h of its divisions 
shall correspond to n — 1 or n+1 on the limb, it will enable the 
observer to subdivide each division of the limb into n parts. 
Without going into details, it is easy to see in fig. 12., that if the 
20 divisions of the vernier aa are equal to 19 on the limb hb, and 
the 4th of the twenty exactly coincides with any one on the limb, 
the diamond mark must be ^V of the distance from c to d. The 
space c dj between the divisions 32° and 32° 20', is thus subdivided 
into 20 parts or minutes, and the reading of the limb is 32° 4'. 
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The readirtg micrma^ is the application of a spidei^s line 
micrometer to a microscope, to measure minute distances on the 
limb. The image of the limb is received in the same plane with 
the spider-lines like that of a celestial object, and the fractional 
part of cd pointed out by the zero of the micrometer may thus 
be measured. The instrument is represented at the end of the 
arc in fig. 12. 

36. The level is the most important of those instruments, which 
serve to point out the zenith and horizontal points, and enable the 
observer to reckon distances from them. One of its most valu- 
able applications is to the transit instrument, and a description 
of its use in this connexion will readily suggest the modificatiom 
in its adaptation to circles, and fixed instruments generally. 
There are two verj' common forms of the level, — termed the 
hanging and riding levels ; these terms relate to the position of 
the instrument with respect to the axis of the transit, and sufhcient- 
ly explain tlicmselves. The tube of the level is nearly filled with 
alcohol and hermetically sealed, so as to include a bubble of air. 
It is ground within so that the upper side shall be very slightly 
convex upwards, and when nearly levelled, the bubble will of 
course rest at the highest point of the curve, or where a tangent 
to it is exactly horizontal. Fig. 13. represents a hanging level, 
suspended from the axis of tlic transit, and embracing each pivot 
in the way exhibited in fig. 14. Its use is to render the axis of 
the transit perfectly horizontal. How then are we enabled to 
clTwt this object ! 
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before. But if the pivot P' be higher than P, and the arms are 
equal, the bubble will still run towards P' after reversion, and of 
course will no longer retain the same place that it did in the first 
position of the transit, but one as far on the other side of the 
central zero ; although apparently the same as before, because 
the reversion of the level reverses also its scale. 

Remembering, therefore, that a diflfercnce in the lengths of the 
arms of the level has no tendency to change the real place of the 
bubble in the two positions, but that all change or difference of 
place is due to inclination of the axis, we have an easy means of 
rectifying such inclination. For if after reversion, the bubble 
should be found not at the same real point of the scale as before, 
but should be removed towards either pivot, that pivot is of 
course too high. It must be lowered until the bubble has gone 
back half way to the point it occupied in the first position, for 
it is plain that the first point is as much too far on one side as 
the second is on the other. If now in the two positions, it re- 
mains at the same division of the scale, the axis is truly horizon- 
tal ; otherwise, the error yet uncorrected must be diminished by 
a second trial 

After the transit axis is carefully levelled, if the bubble does 
not rest at the centre, it may be made to do so by lengthening the 
arm, toward which it tends. Where there is no screw for this 
purpose, the adjustment can always be effected by scraping or 
filing a little the internal angle of the shorter arm. 

The place of the centre of the bubble on the scale may ea- 
sily be inferred from the readings at its two extremities, and is 
half way between them. 

37. The plumb-line is always perpendicular to the surface of 
still water, and therefore marks the observer's zenith. A single 
example will illustrate its astronomical utility. In the altitude 
and azimuth instrument, a plumb-line is attached to the vertical 
axis at its upper extremity, and hangs by its side, so as exactly 
to cover the image of a fine dot near the lower extremity of the 
axis, when viewed by a reading microscope. The test (and a 
very seveie one) of the exact vcrticality of the axis, is the exact 
bisection of this dot by the plumb-line, while the axis is turned 
completely round in azimuth. 

5 
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89. The artificial horiion is any level reflficting surface. Al- 
though Ihe surface of alill water, of pure (iuid pitch, &c. will 
aoswer the purpose, mercury is found to be the best, ll is usu- 
bHv contwncd in a shallow wooden vcbsoI. and a roof, the two 
sides of which are of glass, prolucls it from llie wind. The in. 
cident ray passea through one glass nearly perpendicularly, and 
ifafl reflected ray passea nut at the other. This instrument gene- 
rally accompanies the seslaitt in astronomical obscrvatioo. 

3». The floating miliniator is a late invention, and consists of 
a siiiall telescope supported on a Aoal in a vessel of mercury. A 
visible point of light may be placed in iu focus, the rays diverg- 
ing from which, after passing tlirough the objcct-giass emerge 
parallel, and il may therefore be viewed as an infinitely distant 
star, by a telescope attached to any mural or other vertical circle. 
Sinc« the axis of the floating telescope always preserves the same 
inclination to the horiton, a reversed observation on opposite 
Bides of the fixed circle fixes the zenith point of thai circle. 
There are two forms of this iiwtnuiient, tho iiaritoiUal and uer. 
(tea/, terms which designate the ^Kisition of the floating telescope. 
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CHAPTER : 



OF THE SEXTANT ALTITUnE A>n AZIMUTH INSTRVMEA'T EQl'A- 

TORIAL. 

40. The sextant. — By adapting the principle of reflection to 
the measurement of angles, a number of instruments have been 
invented, which arc independent of any fixed support, and may 
therefore be used in any sitnatiun, however unsteady. The sex- 
tant is the most common of these instruments, and its peculiar 
importance to the navigator, no less than its general utility in the 
observatory, is sufficient reason for dwelling at some length on 
its several adjustments, and on tlie manner of using it in the meas- 
urement of angles. For a description of the principal parts of 



THX SEXTANT. 35 

the instrument the student may refer to Art. 129 of Olmsted's 
Astronomy. 

41. The principal adjustments of the sextant are as follows : 

(1.) To make the index-glass perpendicular to the plane of the 
sextant, — Move the arm ID (fig. 15.) from zero near F towards 
the middle of the arc ; and turning the limb or arc FE from the 
eye, look at its reflection in the index-glass I. If the reflected 
portion of the limb is a perfect continuation of the part seen by 
direct vision, the index-glass is truly perpendicular ; but if not, 
it must be made so, by alternately loosening and tightening the 
screws behind it. But this adjustment in a good sextant will 
seldom be found deranged, except by violence. 

(2.) To set the horizon-glcus perpendicular to the plane of the 
sextant. — Screw in the telescope T, and point it towards a star. 
Move the index-arm backwards and forwards past the zero of 
the limb, and if the two images of the star do not exactly coin- 
cide in passing one another, turn a screw at the top or bottom 
of the horizon-glass H until such coincidence can be made. 

(3.) To make the hcriwn^glass parallel to the index-glass when 
the index is at zero, — ^When of the vernier is at of the limb, the 
horizon and index glasses should be parallel, and the two images 
of a star should perfectly coincide. If they do not, adjust by 
the screw at the side of the horizon-glass. This adjustment 
should be repeated alternately with the last till both are as per- 
fect as may be. 

(4.) To set the aocis of the telescope parallel to the plane of the 
sextant. — ^There are two parallel wires on opposite sides and 
equidistant from the centre of the field of the telescope, and usu- 
ally crossed by two others. Turn either pair around until they 
are parallel to the plane of the instrument. Adjust by the screws 
in the ring which holds the telescope, until the images of two stars 
more than 90® distant from each other, having been brought to 
perfect coincidence on one wire, shall remain so on the other. 

These adjustments may be performed, although less accurately, 
in the day time by means of the sun, and the dark glaisses of the 
instrument are then to be employed. Of these there are two 
sets ; one between I and H, and perpendicular to the reflected 
ray IH ; the other just beyond H, in the line TS. As many af 
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are needed of the first set may be turned up when the imsge of 
the sun is received by reflection, or of the other when it is view- 
ed directly. Tiie two surfaces of each glass io a good sextant 
should always be perfectly plane and parallel, and are proved to 
be so, if the two images of the sun, when brought into exact 
contact, remain so after the glass under trial has been taken out 
and reversed. 

42. On the completion of these adjustments, the sextant be- 
comes an accurate instrument, and may be employed in anguJai- 
aieasurement. But the observer must first know — how to move 
the index-arm in measuring any distance, — how to read off the 
angle when measured, — and how to determine the index error. 

(1.) To move the indei-arm in measuring anghs. — There are 
two screws attached to the moving extremity of the index-arra 
ID; one may be seen in tig. 15, and is beneath the limb; iba 
other (not represented in the figure) is called the tangvnt screw, 
and lies in the direction that its name implies. The first fastens 
the arm after it has been shifted nearly to the point desired, and 
the tangent screw, acting only when the other is tixed, serves by 
a slow motion to bring the images into perfect contact. This 
screw moves the arm but for a short arc of the Hmb, and the 
ob9er\-er should be particularly careful not to force it at its limil 
of action. 

(2.) To read off" the value of a measured arc. — Observe what 
minute and part of a minute on the vernier coincides exactly 
with a division on the limb ; and add this arc to the degree and 
minute on the hmb immediately preceding the first division oa 
the vernier. (See Chapter II. on " the Vernier.") 

(3.) To find the index error. — The adjustment. No. (3.) wiE 
render the two images of the same star very nearly coincident 
when the index is at 0. But since they cannot be precisely so, if 
becomes important to know at what point of the arc exact coil*- 
cidence takes place, since it is from this point that all angular 
measurement is reckoned as from the true zero. Tlierefore by 
means of the tangent screw, bring the two images of a star to 
perfect coincidence, (or to that point in passing by each other 
where they should coincide,) and read off the measure, calling it 
+ when forward from zero, and — when backward, or towarda 
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F. This is the index error, and is always to be subtracted from 
every other angle read off on the limb, paying attention to its 
sign. 

Another method is to bring the two images of the sun into 
exact contact on one side, and then to make the reflected image 
pass the other and touch on the opposite side. The readings in 
the two cases must be marked + or — , according to their posi- 
tions with regard to zero, and half their algebraic sum will be the 
index error. 

43. To measure the diameter of the sun. — ^Proceed as in obtain- 
ing the zero error by means of the sun, and half the algebraic 
difference of the two readings will be the sun's diameter. In 
this case, two measures are taken in opposite directions from 
zero, and it is therefore needless to apply the zero error. 

To take an altitude of a star or of the sun by reflection from mer- 
cury. — Set the index near zero, put in the telescope, and make 
the wires parallel to the plane of the instrument. By means of 
the handle, hold the instrument with the right hand, with its face 
to the left, and in the vertical plane of the star, towards which 
let the telescope be pointed. Two images will be seen in the 
field of view, one of which, viz, that formed by reflection, will 
apparently move downward when the index is pushed forward. 
Follow the reflected image as it travels downward, until it ap- 
pears to be as far beneath the horizon as it was at first above, 
and the reflection of the star from the mercury also appears in 
the field of view ; then fasten the index, and make the contact 
perfect by means of the tangent-screw, taking particular care 
that the images shall be midway between the parallel wires. 
The reading of the limb, diminished of course by the index er- 
ror, will be twice the apparent altitude of the star at that moment. 

To manage the sextant dexterously, the observer must acquire 
the art of giving it a swinging motion, as if turning on the axis 
of the telescope, which may be gained most easily by leaning 
the body over gently to the right and left alternately. The image 
reflected from the index-glass may thus be made to sweep the 
arc of a circle, convex downwards, and in slowly passing and re- 
passing the image seen in the mercury, the contact may be very 
accurately judged of. 
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In taking an altitude of the Bun, proceed as with a rtar, tnrn- 
ing up dark glasses between H and I, and also beyond H. for the 
protection of the eye.* If the altitude of the lower limb is to 
be observed, and an inverting telescope is used, make the image 
reflected from the index-glass sweep under that seen in the mer- 
cury, turning the tangent-screw until it just touches in gliding 
by, and wee versft. The image in the mercury can always ba J 
distinguished from the other by its remaining fixed, and being \ 
often affected with tremors. 

The beginner, in attempting to bring down the star to its image 
in the mercury, will probably lose it, and be obliged to commence 
anew. If therefore he has the means of knowing the approxi* 
mate altitude, he may set the index at twice that angle, and point i 
the telescope at once to the star in the mercury. The swinging 1 
motion will then make the reflected image pass horizontally I 
through the field. 

To take an alti/ude by means of the natural horiioa. — If tba I 
observer is at sea, the natural horizon must be employed, and the 
arc measured, (after subtracting the index error, dip, and refrac- 
tion.) will be the altitude. The star or sun's limb must be made 
to graze the horizon by the swinging motion. This method of 
taking altitudes is sufficiently accurate for the navigator, but not I 
for ihe astronomer. 

To find ike distance bettoeen the moon and sun, or betuwn fAe 
moon and a star. — The same management ia necessary here as in 
taking an altitude, except that instead of holding the sextant in a 
vertical plane, it must be held in the plane passing through tbs 
twoobjeclsand the eye of the observer. When the index has been 1 
set to the approximate distance, or brought thereto by following " 
the reflected image, the swinging motion will bring the sextant ex- 
actly into this plane, and the two bodies will appear together. 
Let the reflected limb of the aim rise and fall by that of the 
moon until perfectly tangent to it, as in observing altitudes. So ' 
with a star, make the moon's reflected limb just touch it in swing* I 
ing by. A little practice, or a rule similar to that prescribed in ( 
taking altitudes, will enable the observer at once to decide, whe- 

• A conibinalion of a light red nnd green glass corainonlj gi»e» an image Iim 
FJeasini and boftting to the cjs, Ibui the dotkert image liut can 1m nuda bj ted 
gliuKi alone. 
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ther it is the distance between the nearer or farther limbs of the 
moon and sun that has been taken. 

The use of the sextant in connexion with the artificial horizon, 
will be again alluded to in the chapter on ^ the methods of deter- 
mining the latitudes and longitudes of places." 

Of the Altitude and Azimuth Instrument. 

44. Instruments of this kind, however varied in their form, 
consist (1.) of a graduated circle confined to a horizontal plane, 
and turning freely in that plane along with its vertical axis ; (2.) 
of another graduated circle secondary to the former, attached to 
its vertical axis, and capable of being brought into any vertical 
plane by its motion ; and (3.) of a telescope firmly fastened to the 
secondary circle in its own plane, and turning with it in altitude. 
Each circle is read off by verniers or reading microscopes, usu- 
ally three in number, and the mean result of such readings is re- 
corded after each observation. 

By turning the instrument so that the intersection of its cross- 
wires shall exactly coincide with the image of a star, and noting 
the instant of such bisection, the altitude and azimuth of the star 
at that moment will be obtained from the readings of the circles. 
But it is first necessary to determine the points on the circles 
from which the reckoning commences. The meridional point 
on the azimuth circle is its reading when the telescope is pointed 
north or south, and may be determined by observing a star at 
equal altitudes east and west of the meridian, and finding a point 
half way between the azimuthal angles recorded in the two cases. 
The horizontal point of the altitude circle is its reading when 
the axis of the telescope is horizontal, and may be found by aid 
of the level, plumb-line or collimator, or by alternate observation 
of a star directly and reflected from mercury, taking a mean be- 
tween the two recorded angles. 

45. This instrument, in its capability of determining the place 
of any star above the horizon at any hour of the night, has an 
advantage over such as are confined to the meridian, like the 
transit instrument and mural circle. But stars arc not located 
in the heavens by altitudes and azimuths, because these are con- 
stantly changing firom moment to moment ; and measures with 
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this instrument are therefore not complete without a record of 
the instant of observation, and must be reduced to right asoen- 
eiona and declinations by processes of spherical trigonometrj', 
laborious when accumulated. This circumstance tends to c 
fine the use of the instrument in practice to meridional observwifl 
tions ; and here its construction gives it a great advantage 'mS 
taking repeated measures of right ascension and declination a 
little on each side of the meridian, which admit of reduction to il 
that circle by easy formulte, and have all the weight of accura 
la ted observations. 

Of Ike Equatorial Instrument. 

46. If an altitude and azimuth instrument be turned from ital 
npright position so that its axis, instead of pointing lo the zenith, J 
shall be directed to the pole of the heavens, it becomes an equa^.I 
torial. What was before the azimuth circle, now lies penn»>l 
ncntly in the plane of the equator, and the altitude circle in thftV 
new arrangement can be turned into no position, in which it will 
not coincide with a horary circle, or one of declination. The 
circles are called respectively the horary and declination circles; 
and the former is usually graduated into hours, minutes and 
secondsof time, instead of degrees, minutes and seconds of spaeSt I 
like ihe azimuth circle. 

To determine if an equatorial is in approxijnate adjustment,— 
follow a star in its diurnal course by means of the horary circle, 
the declination circle remaining clamped. The star ought al- 
ways to pass the field of view at the intersection of the c-roe^ 
wires at all hour angles, or rather, to pass apparently below them • 
by the amount of vertical refraction due lo its altitude. 

l^find a star, — set the telescope to the declination of the star 
in the meridian position, and then turn the hour circle to the 
star's horary angle at the moment, which is always the lime 
elapsed since it last passed the meridian, and is equal lo the side- 
real time then shown by an adjusted clock, minas the right a 
cension of the star. It is best in practice to set the hour circle ] 
at a horary angle corresponding to an instant two or three mi- 1 
nutes in advance, lo allow of time for preparation. 

To determine the approximate right ascension and declinatitM 
oj an xinkmwn (hjecl, — bring the object on the intersection of \ 
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tftie cross-wires, and note the corresponding instant of time shown 
by the clock ; the reading of the declination circle will be its de- 
clination, and its right ascension, (if the hour circle is graduated 
from west to east up to XXI V^ uninterruptedly,) will be the cor- 
rected sidereal time of observation, minus the reading of the 
hour circle. The result will not be very accurate unless the in- 
strument is in good adjustment, the errors of the zero points of 
both circles allowed for, and the corrections for refraction, eq>e- 
cially at low altitudes, applied, 

47. The oblique position of the circles of this instrument an4 
of their axes, renders it nearly impossible so to combine mate- 
rials, as to prevent unequal strain and bending of its parts. This 
defect, though very minute in amount, is sufficient to exclude the 
equatorial from the highest accuracy of observation, and refer 
the formation of stellar catalogues to instruments more synune- 
trical in their positions relative to the horizon,^ — a circumstance 
much to be regretted, since no instrument, except the transit- 
circle, could furnish the requisite data more easily and rapidly. 
The equatorial, however, is nevertheless exceedingly useful in 
determining small differences of right ascension and declination, 
such as between objects in the same field of view ; — in enabling 
the observer to follow with ease and measure with certainty 
double stars and other objects, and to settle their places at the 
same time so as to be recognisable thereafter ; — and in fixing 
with sufficient accuracy the places of comets and other bodies, 
which cross the meridian at a time when it is either impossible 
or inconvenient to observe them. For its peculiar adaptation to 
these important uses, the equatorial is in very frequent demand, 
and holds a high place among astronomical instruments. 

6 
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CHAPTER IV. 



OP TIIE TRANSIT INSTBtTBENT. 



46. This most important of astronomical instruments, in c 
nexion with a clock or chronometer, is applicable to such a v^ 1 
ritity of purposes, and especially gives the observer so complet 
a. command over that primary element, the time, that we may be I 
permitted to consider at some length its several adjustments, the 1 
means of rectifying them, the conduct of actual observation, aod J 
the best mode of eliminating inslrumenlal errors. In the bo<^ J 
of the chapter, such minuteness is not aimed at, as would be uiv / 
interesting to the more numerous class of students, wlio are dfr j 
sirous of understanding only the general method of fM-oceeiling1 
in an observatory, or such refinement, as vrould discouragul 
any one, unaccustomed to mathenialical details; while a feWI 
pages are appended, by which the observer will be enabled tQ 1 
choose his mode of proceeding, and reduce his observations, f 
as to obtain the most accurate results within the reach of his ia> ^ 
strument. 



49. Location of the instrument. 

Let us suppose that the reader is in possession of a good port j 
able transit and clock, and is desirous of using them to adva 
tage. The situation most suitable for the instrument would e 
gage his earliest attention. And first, it should have a firm basisf j 
the pier on which it stands should be of stone, brick, or other j 
solid material, — should descend into the ground several feet, m I 
as nol to be affected by frost, or by tremors arising from thaj 
vicinity of public roads, — and should rise only so high above tha J 
ground, as to aflbrd a clear view of llie north and south points. I 
The neKt desirable requisite is, thai it should command a vie* I 
of the whole, or a considerable portion of the meridian. Tha j 
room, therefore, in which it stands should have openings in tbs j 
roof in ihe line of the meridian; these should be about 12 or IB- 1 
inches wide, and should be continued down the north and soutlr I 
walls so as lo aiford a clear sweep from the north to the south f 
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point of the horizon. They should be closed by doors easily 
opened from below, and should be secure against the admission 
of rain or snow. If such a situation as this cannot be procured, 
the transit may be placed on a solid pier out of doors, and guard- 
ed by a tight cover from the weather ; or if it can be firmly 
placed in a north or south window, so as to conmiand a range 
of 60^ or more in altitude, it may be used so as to afford very 
accurate results. A south window is preferable to a north, espe- 
cially as it commands the passages of the sun, moon, and planets. 

50. Description of the mechanical contrivances for adjustment 
The general construction of the frame of the instrument may 
easily be understood by an inspection of fig. 16, or by reference 
to Olmsted's Astronomy, Art. 121. The two ends of the axis 
are called pivots, and great care is taken to make them exactly 
equal and cylindrical ; they rest in angles of polished steel, or 
other very hard substance, shaped as at Y, (fig. 14.) because con- 
tact at only two points in the circumference of the pivot ensures 
greater accuracy of meridional motion. These angles are called 
Y's, from their resemblance in shape to that letter. At one end 
of the axis there is usually a screw, by which the Y of that ex- 
tremity may be raised or lowered a little, and thus the axis be 
made perfectly horizontal. This adjustment is made by means 
of the level, (Chap. II., Art. 36,) and is called the adjustment for 
horizontality of the axis. Another screw moves the Y at the 
other extremity backwards or forwards, and by its azimuthal 
motion is of use in bringing the telescope into the plane of the 
meridian, when a little east or west of it This adjustment is 
termed that of position in the meridian. When the frame of 
the instrument rests upon three feet screws, one of them may 
supply the place of the screw of elevation. The perpendicular 
wires of the telescope are either three, five, or seven in number, 
but most commonly five ; in small instruments only one horizon** 
tal wire is inserted. To make these wires exactly perpendicular, 
there is a contrivance for moving them around with a circular 
motion in their own plane ; and by another arrangement they 
admit of lateral motion for the adjustment of collimation. These 
contrivances are diflferent in diflferent instruments. The field of 
view is illuminated at night by a lamp placed so as to shine into 
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one of (he pirots. ihe axis being perforated for this parptntt 
An oval ring of painted metal, or card paper, placed at an angle 
of 45" within the junction of the axis and telescope, and encir^ 
cling wilhout obstructing the pencil of light from the object- i 
glass, turns the light down the tube, and makes the wires appear j 
black on a bright ground, yet does not obliterate the brighter | 
stars. 

The axis is furnished at one of its extremitiea with a circia , 
and vernier, by which the telescope can be directed to any re- I 
quired attitude or declination. The vernier usually admits of •] 
being unloosed and refastened so as to point to diifercnt portiooa J 
of the circle while the telescope remains stationary. 

All the screws of adjustment, and indeed, all parts of the trail' 
ait, should be fitted without shake or improper motion ; and when 
the adjustments are once made, they should be as permanent u 
possible. For this purpose, clamps or tightening screws are at- 
tached to such of them as require it, and these should always b» 
attended to after adjustment. 

With this brief description of the more important parts of the 
inslniment, we will now proceed to the adjustments, which should 
Hucceed each other in the following order : 

61. Distinctness of vi.tion and parallax. 

The optical adjustments of the telescope are the first to be 
examined. The system of wires or spider-lines is in a plane per- 
pendicular to the axis of the tube, and set in a circular aperture 
very near the eye-end. It should be in the common focus of the 
eye-glass and object-glass. First, to place the lines itj the focus of 
the eye-glass, push in or draw out the eye-tube until they are seen 
with perfect distinctness. Next, for the purpose of throwing the 
focal image of the object-glass in the exact plane of the wires, ei- 
ther (he object-glass or the wires are set in a tube which admili 
of motion within the main lube, and which is fastened securely 
by a fixing screw after the proper adjustment has been obtained. 
This is only the case when (the wires appearing perfectly well 
defined by the first adjustment) the images of objects at the dis. 
tajice of one mile or several are also as distinct as possible. A 
still surer test of the perfection of this adjustment arises from 
the circumstance, that if ilie image be cast cither before or be- 
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hind the lines, a parallax will be detected by moving the eye 
laterally, and distant objects will move on the lines. The images 
of near objects, however, ought neither to be entirely distinct 
or motionless, when the telescope is in perfect order. These ad- 
justments are called the adjustments for distinctness of vision and 
parallax. 

The optical excellence of the telescope may now be tested as 
directed in the chapter on ^ the Telescope," Art. 8. Any im- 
perfections in the object-glass or eye-piece, which may render 
either the star or wires distorted or ill defined, especially if they 
exhibit a star of the first magnitude otherwise than round, will 
tend to diminish the accuracy of observation. After the transit 
has been placed in the meridian, and the wires adjusted as de- 
scribed hereafter, let a star run occasionally upon the horizontal 
wire, and if it does not remain perfectly bisected while the eye 
is moved up and dovni, the adjustment for parallax is not quite 
perfect. 

52. HorizonUdity of the axis. 

In our illustration of the use of the level, (Chap. II., Art. 36,) 
we have given ample directions for levelling the axis of the transit. 

We have remarked that in a perfect instrument, the pivots are 
exactly equal and round. The level is competent to detect any 
imperfection in these respects. For suppose we take the transit 
axis from its Vs, and reverse it end for end ; if the bubble does 
not give the same indications in the two positions of the axis, but 
shows a tendency towards either pivot, that pivot is of larger 
diameter than the other. And if the level be made to bear 
against a fixed support while the telescope is turned in altitude, 
any motion in the bubble will prove that one or both of the pivots 
are not exactly round. These are not accidental errors, but in- 
herent faults of the instrument, and recourse to the original ma- 
ker or to an excellent workman is the only means of remedy. 

The level is liable to give erroneous indications, unless it hangs 
always with the same face upwards. If, therefore, by swinging 
it gently back and forth, the position of the bubble is materially 
altered, a cross level should be firmly attached to it, by means 
of which the same curve of the tube may always be made up- 
permost. 
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53. Perpendicularity of wires. 

Some well defined terrestrial point may tiow be brought upon 
the intersection of the wires in the centre of the field by the screw 
of motion in azimuth. If, on turning the telescope in altitude 
this point is perfectly bisected by the central wire £rom top ti 
bottom, the wire is perpendicular to the horizontal asis. If no^a 
ibe ring or tube containing the wires must be turned in a circn* T 
lar direction until it is so bisected, and there fastened. 

54. CoUimathn in azimuth. 
That point of an objecl-glaas, through which a ray in pat 

Buffers no refraction, is called its optical centre. A line drawml 
from this point to the central vertical spiders line is called the? I 
liiK of coHimation in azimuth, and ought to revolve in the plat 
of the meridian. But if it is inclined to the transit axis, it witt'l 
not trace out any great circle, but some small circle of the he»v] 
vens. Suppose that the line of collimation produced to meet il 
.same terrestrial point as before, leans towards the eastern pivoL i 
By reversing the transit, it is evidently made to lean as far to (1^ ] 
west, as it did before to the east, and the central wire will be 1 
thrown entirely otf of the point wliich it before bisected. Tb» J 
true direction of a perpendicular to the axis is obviously half- | 
way between its present and its former position. Therefore, by, | 
the contrivance fur tlie lateral motion of the wires, make the I 
central wire traverse half the distance by estimation from ilM, 1 
present position to the point it first covered, To correct remain- 4 
ing error, bring the central wire again upon the distant point of I 
reference by means of the screw of motion in azimuth, and re- T 
peat the process, until it is bisected from top to bottom of ths. j 
central wire equally before and after reversion. 



I 



55. Collimation in altitude. 

If the circle attached to the instrument is intended to indicate ] 
meridian altitudes, take the declination of any bright star that ^ 
crosses south of the zenith during Ihe evening, l>om the Nautical I 
or American Almanac, calling it + if north, and — if south of ths J 
equator. Add to it the elevation of the equator to obtain its true j 
altitude, and then the refraction due to Its attitude. The sum wiD 1 
be the apparent meridian altitude. Wliile the star is runnii^ 1 
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along the horizontal wire of the transit instrument, (supposed to 
be in the meridian, or very nearly so,) unloose the vernier, set it 
to the apparent altitude, fasten it firmly, and then see if the star 
is still on the horizontal wire. If declinations are indicated by 
the circle, the vernier must be set to the true declination, increas- 
ed by the same refraction as before. By this process, the ver- 
nier will probably be correct within 2' or 3', and its zero error 
may be determined and allowed for. If the vernier be now set 
to the apparent altitude or declination of any expected star, the 
star will enter the field on or near the horizontal wire. 

5G. Position in the meridian. 

This is the most diflicult of the adjustments of the mstnimcnt, 
and requires that all the others should be first completed. In ex- 
plaining the methods of adjustment, the clock will be considered 
as indicating sidereal time, in which case the right ascension of 
each star, as it arrives at the meridian, will be the same as the 
clock time at that moment. If, therefore, the pendulum of the 
clock has not been adjusted to the proper length, it should be 
shortened or lengthened until a star comes to the intersection 
at the centre of the field within a few seconds of the same time 
on two successive evenings. This may be done before the tran- 
sit is brought very near a meridional position. 

By the pole star, — ^When the telescope commands the northern 
portion of the meridian, this is the easiest and best mode of ad- 
justment. First point it to the pole star, and then turn it to some 
other star about to cross the meridian at a distance from the pole. 
At the moment of its central passage, set the clock to its right 
ascension, and it will thenceforth indicate nearly sidereal time. 
The approximate times of the upper and lower culmination of 
the pole star are then known, being the clock times answering to 
its right ascension, and 12 hours thereafter. For a few minutes 
before and after either of these moments, on account of its ex- 
tremely slow motion, it is almost exactly in the meridian. Fol- 
low the pole star therefore by turning the transit, till it arrives 
within half an hour or less of the meridian. The base of the 
frame may then be fixed by wedging or pouring hard cement 
underneath, if not sufficiently steady, and the horizontality of 
the axis should be tested. Still follow the star by means of the 
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screw of motion in azimuth until the clock ahom its R.A., or 
its R. A.+ 12''. The central wire then, if the previouB adjurtmenU 
have been well attended to, will almost precisely coincide with 
the meridian of the place, even if the clock be 2" or 3" in error. 
Now, the axis being perfectly horizontal, and the line of col- 
limalion perpendicular to it, if the central wire by its motion 
bisect the small circle described by the pole star, the adjust 
ment is complete. This will be the case, when the interval be- 
tween the upper and lower is equal to that between the lower 



however, are competent to render this star visible in the day 
time. Hence it is usually best in practice to rectify the clock 
or ascertain its correction the next evening, by stars at a distance 
-from the pole, and repeat the process with a more perfect know- 
ledge of the sidereal time. 

By a pair of circumpolar start. — Choose two stars which cross 
the meridian within a few minutes of each other, one above, and 
the other below the pole. Let A and T be the R. A. and ob- 
served time of passage of the upper star, and a and r those of 
the lower. Then when the central wire of the transit coincides 
with the meridian, A— o=T— r-1-12*; when the wire deviates 
to the west at the north of tlie zenith, (A— a)<{T— <-l-I2''), and 
vice versH. This will enable the observer to determine in which 
direction he must move the screw for azimuthal motion. Sup- 
pose he finds (A — n)>(T— t-I-12'') by S"*, and in consequence 
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tho east, but still by the application of the level is made a verti« 
cal circle, and of course, cuts the meridian at the zenith, and de- 
parts more and more from it towards the south. The southern 
or lower star obviously must be longer in crossing from the tran- 
sit plane to the true meridian, than the upper star, which crosses 
where the interval is narrower : the time of its passage is there- 
fore earlier than it should be in comparison with the other ; that 
is, T— T is greater than it should be, or A— a<T— r, when the 
deviation is eastward, and vice versA. The deviation should be 
corrected in the same way as by the last method. It may be 
proper to observe, that in this, as well as in the two 'preceding 
methods, the best way of correcting the error is by ascertaining 
its exact amount, which is easily obtained from the observed 
passages of the stars by the formulae near the end of the chapter.* 

57. Location of the meridian mark. 

When the instrument has been once fairly brought to the me- 
ridian, a mark may be placed either to the north or south, or 
both, for the advantage of constant and speedy reference. It 
should be placed at such a distance, as not to be affected by par- 
allax, (Art. 51,) and yet not so far as to be imperfectly seen. An 



* For, bj form. 1, Art 72, we have for the two itarv, 

m r=f -|-J^^ tin (f—i) meg for one itar, 
and m*=f+*+a win (f-i') bcc 6' for the other, 
where the two other errors b and e are luppoeed to be nothings. 

SabtracUng, we have «— a'=<— <'4-« jsin (f—S) aec i— ain (f— iO ■«€ i'\ 

(a— aO — (« — O , . . . , . . 

and a= -: — ■ — ~ — > -, or the azimuthal deTiation. 

nn (f — i) BCC i— ain (f — a') aec i' 

For inatance, take the atan a Piaeia Aoatralia and a Pegad, an excellent pair of 
high and low itara, differing in right aacenaion by 8". By our IWe V. for New Ha- 
ven, ain {f^6) aec 6 cquala 

for a Piac. Aoat 1.109 

for m Pegaai, 0.468 

0.634 

which ii therefore a conatant diriaor for thcae two atara at that place. Thos if the 

obaenred timea of their paange, Jan. 1, 1840, differ by -^8* 30".5, then («— aO~ 

(<^0=+7* 59'J3-8" 30-. 5= -SO*.? =0.634 a, and a, or tho azinmthal deriatioo, 

—30" 7 
equalfl ' ■=;— 48'.4. Therefore if the equatorial intcrral between each two of 

0.634 

the wirea ii 64% the telescope must be pointed to a terrestrial object on tho aouthern 

horixon, and acrewod eai t ward about { of one of the interrab. 

7 
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excellent form of the meridian mark is a piece of sheet iron or 
copper 6 or S inches in diameter, cut into the shape of a hol- 
low equilateral triangle ; this, when placed on an eminence, so 
as to have the sky in the background, may be very perfectly bi- 
sected at the vertical angle by the central wire of the instni- 
ntent. It should admit of being moved laterally, if not at first 
exactly placed in the meridian. 

58. The dock, — it$ rate and error. 

The clock is the indispensable companion of the transit instnt- 
ment. The ofBce of the transit is in fact, to point out the agree- 
ment or disagreement between the great and perfectly regular 
time-piece furnished by the apparent revolution of the sphere, 
and the irregular and imperfect clock of the observatory. It is 
avulable only as a plane of reference, an indicator or pointer to 
the grand motion of the sidereal heavens, thus rendering it com- 
parable with the measurement of time by mecfaaniBm of homan 
construction. 

No dock is fit for the nicer purposes of astronomy, unless it 
is rendered as invariable aa possible. For this purpose, much 
attention is always devoted to the construction of the escape- 
ment, which should not be such, as to allow of any inequality in 
the transmission of the moving power to the pendulum. Still 
more should the pendulum be of that class, called compensated ; 
and HO be free from the variable effects of heat and moisture. 
Tlie two forms usually adopted for astronomical uses are what 
are commonly termed the ^friiliron, and ihe mercurial. (An. 3f>:i, 
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the interest of the observer carefully and closely to compare his 
own whenever he is forced to depend upon the latten 

59. If the clock is regulated to sidereal time, it is supposed in 
theory to keep exact pace with the stars, and to indicate at any 
moment the right ascension of the star then crossing the meri- 
dian. But in practice, it has both an error and rate. An ex- 
ample will bust explain the meaning of these terms. If a Arietis,* 
in R. A. 2** 0", cross the meridian at 2** 0" 30* by the clock, the 
clock is fast of the heavens 30*, or its error =+30'. The correct 
Hon of the clock, or the quantity to be applied to its indications 
to obtain the right ascension of the star, is the same in amount, 
but with an opposite sign, — viz. in this case =— 30*. Now if 
another star a Aurigae in R.A. 6*» 0", cross 3^ after at 5*» 0" 33», 
and if the time of passage of 15 Hydnc, in R.A. 8^ 0", on the 
same evening be 8*» 0™ 36% it is very plain that the clock's error 
is increasing, or in other words, its rate =+3* in S\ and +6* in 6^ 
or +24* per day. The error of the clock then, is its difference 
from true sidereal time at any given moment, + if faster, — if 
slower ; its rate is its daily gain or loss on sidereal time, + if 
the former, and — if the latter. If the error at a given time be 
called e, and the daily rate r, the error at any time thereafter 
will of course be e+tr, where t denotes the number of days and 
parts of a day elapsed since e was determined. All that is neces- 
sary to find the true time at which any event happened, is to ap- 
ply the correction of the clock, or — e— <r to the observed time. 

60. The rate and error are not by any means due to imper- 
fection of the clock, and may be as large or larger in the most 
perfect as in the rudest time-piece. Yet it is convenient in prac- 
tice that they should both be of small amount. The error may 
be nearly annihilated by setting the clock to the right ascension 
of a star, and starting the pendulum at the moment when that 
star is on the middle transit wire ; and the rate may be readily 
brought within small limits, as 1' or 2* per day, by lowering the 
bob of the pendulum when positive, and raising it when nega- 
tive. The number of turns by which the screw of the pendu- 

* These ttan have nearly, but not exactly, the right aseennooB which are here ■■> 
■igned to them in round numben for the eake of iDoftration. 
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ban is Bltared, may be compared witli ihe consequent alteralton 
of nWe, and thua the ultiiuatc reduoUon very certainly effected. 
After ihe rate has been reduced to a small quantity, say less than 
r, it is better to let the error accumulate than to stop the docL 
Indeed, it ought never to be stopped or to be suffered to nm 
down, when in frequent use. 

Whatever may be Ihe error and rale, the clock is perfect if 
the rate is uniform, or equal in equal times. But in common 
clocks, the rale may be nothing Tur one day. and severa] seconds 
+ or — , the next ; and in ordinary uncompensaled watches, this 
difference on different days may amount to 2 or 3 minutes. Tlie 
laller cannot therefore lie trusted for an accurate knowledge of 
the time. But with a compensated clock of the first order, an 
alteration of a second in the rale during a single flay is scarcely 
to be apprehended. 

61. Metiiod of obrervmg and registering trantila. 

We have hitherto supposed our observer to be so far acquaint- 
ed with some method of observation, as to be able to note the 
times at which stars in the field cross the middle wire. A more 
particular explanation of the best modes of conducting observa- 
tion becomes now necessary. 

The field of view should be illuminated by the lamp mention- 
ed in Art. 50, until the wires arc perfectly and sharply visible. 
The vernier should be set so as to indicate the place of an ex- 
pected star on the circle, allowing for refraction, {Art, 55.) and 
it will. then enter the field at one side nearly upon the horizontal 
wire. In norlhern latitudes, the star enters upon the right hand 
side of the field if between the zenith and southern, or between 
the pole and northern horizon, — but if between the pole and 
zenith, it first appears on the leA hand edge, and departs at the 
right; its apparent line of motion being inverted by the tele- 
scope. The stars should always be made to cross the same points 
on the perpendicular wires, that minute errors arising from their 
want of parallelism to each other and to the meridian may be 
avoided. 

62. The star on entering the field will move slowly across it 
in a horizontal direction, and it is the business of the observer to 
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note the times of its passage across the transit wires with the 
utmost accuracy. The clock should be so placed, and its face so 
well illuminated, that the observer, stationed at the transit, can 
at any moment read the second indicated by the pointer. The 
second last counted before the star crosses the wire, is to be re- 
gistered as the even second of passage ; and the fractional part 
of the next second which elapses before the instantaneous bisec- 
tion of the star may be most easily judged of by the eye, in com- 
paring the small intervals of space by which the star is short of 
and beyond the wire, at the instants of the preceding and follow- 
ing beats. Thus, suppose the observer takes up the second 2 
from the clock, and goes on silently counting 3, — 4, — 5, — 6, &c., 
in exact coincidence with the beats as he turns to the field of 
view ; if the star appears at the points 6, 7, 8, (fig. 17,) as he hears 
the corresponding seconds from the clock, 7 will plainly be the 
even second to be recorded. And if at the wire A the distance 
7...A appears about ^ of 7...8, as nearly as can be estimated 
when the object is in motion, 7'.7 is to be recorded on the journal. 
The minute during which the passage occurred should then be pre- 
fixed, taking care to make such allowance for the time occupied in 
estimating and writing down the seconds and tenths, that there 
shall be no danger in making the record one minute in advance. 

63. The observer will not be long in perceiving that the spaces 
of time occupied by the stars in traversing the intervals between 
the wires, are very diflferent on diflferent points of the meridian : 
being shortest at the equator, and longer and longer as the star 
is more distant from that circle. The time occupied by a star 
at the equator in passing between any two of the wires is called 
their equatorial interval ; and this time, converted into minutes 
and seconds of space, is the constant arc of a great circle in- 
cluded between such two wires. But a star whose declination is 
-f30° or — 30^ moves more slowly than one at the equator ; and 
the time in which it passes from one wire to another is equal to 
the equatorial interval, multiplied by the secant of the declina- 
tion.* Consequently, to find tlie equatorial interval of a tran- 
■i^i^.^— ^— ^^— 1»-^^— ^i— ^— ^-p— ^^— ^^^^■^— ^^^^— ^■^^— ^^ ^-^^— ^^^■■^— »i^^-^^-.^^— ^^». 

* Let PP (fig, 18.) be the azii of the heavenii, EQ the equator, and DF a parallel 
of declination ; let PEP be the meridian of the place, and PIP* one a little inclined 
to it. A itar at D movea over the arc DC in the fame time that one at E mo?ea 
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sit ; — multiply the interval found fVom the passage of any knovn 
star by the cosine of its declination. 

For the pole star, and others within 10° or 13° of the pole, a 
modification of this rule becomes necessary ; for these do not 
pass perpendicularly from wire to wire, but describe consider- 
able arcs of their respective small circles, as in lig. 19. Suppose 
the pole star describes the arc AS in 8" ; the arc AS of course 
=2° of a circle whose radius is cos 6, and AC= e = sin 2° cos i, 
since AC is the sine, or very nearly the sine, of the arc AS. 

64. In registering the times of observed transits, no rule is 
necessary other than to have a proper regard for convenience 
of reduction. The form of registry generally adopted by as- 
tronomers, is exhibited in our example, (Art. 76.) The best mode 
of obtaining the mean of the wires when 5 are used, is by the 
following rule : 

Add together the second* of the jive tramita, and multiply by 
the decimal .3, adding or subtracting from the product OM many 

times IS* I = -^1, as will render it nearly the same tu the number 

of seconds at the middle wire. 

over EI ; but Bince angle EOl = angle DXC .. uc EI : arc DC ; : an ETQ : cire 
DCF : : EO ; DX : : rad ; Bin PD or coa ) 1 J being the declination of the itar. 
Therefore DC^EI cm I. 

Now tbe time in which the itar D wonid traverae the conatant tpuee DR or EI be. 
tweeti (he wirei miut be to (be time in which E more* OTei Ibe Mme, in the iaveTW 
IT u El : DC : 1 1 : COS J : : aec J : 1. (f then < represeat the 
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The rationale of the above rule is very apparent ; multiplying 
by 0.2 is equivalent to dividing by 5, and the simple device of 
adding or subtracting multiples of 12 renders unnecessary the 
more tedious operation of adding the minutes as well as seconds, 
and dividing their sum as in compound division. 

When 3 virires are used, divide the sum of the seconds by 3, 

60" 
and add or subtract — =20*, as oAen as required. 

o 

In transits of the sun, the passages of each limb are to be taken 
and cast up by the above rule as those of two separate objects, 
and the mean of the results will give the passage of his centre. 
But if only one limb is observed, the passage of the centre may 
be inferred by adding or subtracting " the Sid. Time of Semi- 
diameter passing the Meridian,'' as given on p. I. of each month 
in the Naut Aim. 

In transits of Jupiter and Saturn, when both limbs are taken, 
the appulses of the first limb may be noted at wires I, HI, and 
V, and of the second limb at wires II and IV. If one limb 
only of a planet is observed, the cphemeris must be consulted 
for the time of passage of its scmidiameter. 

65. After obtaining from the mean of a great number of tran- 
sits (from those of Polaris especially, if practicable,) the equa- 
torial interval between each two wires respectively, (Art. 63,) if 
these are found to be unequal, a correction is necessary. Thus 
in the instrument which furnished the observations in Art. 76, 
the equatorial intervals deduced from a great number of stars, 
and agreeing also very well with the mean result for that even- 
ing, arc as in the first of the following column? : 
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— 128' 
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— 128' 


.27 


— 64 


.35. 




— 64 


.37 





.00. 




— 


.02 


+ 64 


.19. 




-f 64 


.17 


+ 128 


.51 . 




+ 128 


.49 



The mean of the transits over the 5 wires is the transit over 
an imaginary line nearly coinciding with the middle wire. In 
the instance before us, this line differs 0'.02 from the middle wire, 
and is towards wire Y. Although the difierence is accidentally 
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Tery small in the present instance, nnd might be safely neglected, 
wo Bhall proceed as wc would if it were of large amount. By 
addition of the equatorial intervals we obtain the numbers in 
the 2nd column, the sign — being applied to distances measitred 
in a direction opposite to that of the star's motion. One fifth 
of the numbers in the 2nd column =+tJ'.(l2, is the distance of 
the imaginary mean line from the miil<l)n wire, and applying it 
with changed sign to the distances in the 2ad column, we obtain 
those in the 3rd. 

Now if through inadvertence, or unfavorable weather, the 
transits over only a portion of the wires ar« observed, the redac- 
tion to the imaginary centre may be performed by tlie followii^ 
niln: 

To the mm of the tmef of transit over the ohumvd wirea, aid 
Ok 3um of the. diattmces af the ufuAwrrvrd wirmfntm the mean or 
imnginary linr,* mulliptied (ly sec i ; thf. anumiU iHmded by the 
numlier of wires observed mil be the time of transit aver the mean 
tine. 

Thus, if a star is observed on wires I, II, and IT only, to 
the sum of the obM;rved limes add (— 0*.02+128'.-19) sec a = + 
128',47 sec i, and divide by 3. 

If II, III, and IV are observed, to (ho sum of llic times add 
(— 128'.27+12S*.49) sec i = +0".22 sec d. dividing by 3. 

If tlie transit over the central wire only be noted, subtract 
{see Noll) — 0'.02 sec 6 from the time of transit. The result 
will be the same as if (—128.27— C4.37+C4J7+128.49) sec o = 
-ft)'. (12 sec 'i had been added, dividing the result by one. 

Tills rule will a]>ply to all cases that can be expected to occur. 
Unilur llie pole, it must be i-ccollected, the stars move across the 
wii-es in an opposite direction from the usual one, and all correc- 
tions to the inidrllc wire must be with changed signs. The same 
must be dune, if the transit is reversed, since then the wires arc 
also reversed, and arc crossed by the star in a ditierent direction 
from before. For example, the distance of wire 1 from the mean 
is in the present case, 

■ Tlicsc are lakcn in the jirpeent iDSlance from the 3id column given above. In- 
Bteacl of nJdliig tlic distanRcs of the unnbs<.'rvfii wires, ihose of Ihe obscned wires 
mmy bo Bublraclcd, since the lum of the five muit aiwajB =0. TUii course wiil b« 
prefenblc where but one or two wiita are obBcrved. 
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Axisajiiimial j above the pole 
AXIS 88 usual I j^,^^ ^j^^ p^,^ 



— 128«.27 
+ 128.27 

+128.27 
— 128 .27 



Axis reveraed I ^^^^ ^^^ P^"® 
AXIS reversed | ^,^^ ^^^ ^^^ 

and so for the others. 

In filling up omitted wires of the planets, their motions in the 
intervals must be allowed for ; in the case of the moon, this al- 
lowance increases the interval more than ^th part, and her par- 
allax at the side wires is also to be taken into account. 

66. A few illustrations taken, with the exception of Polaris, 
from the general example at the end of the chapter, will render 
the application of these rules easy to the learner. 



/ Began. 

33-.9* 
43.5 
21^ 21" 63 .1 

2.8 
12.5 



y Pegasi. 

56-.8 V. 
3.4 IV. 

0^4" 9.5 m. 



145.8 
.2 



69.7 
+198.80 =+192>64 sec W*' 18'. 

3) 268 .50 



29.16 
Add 24 



89.50 
Subtract 80 



X20 



4 9.50 



21 21 53.16 

Polaris. 

Wire V +128-.49=+32' 7".4. 

Decl. of Polaris, Oct. 17, 1840, . . +88^ 27' 25". 
log. sin 32' 7".4 +7.9705 

log. sec 88° 27' 25" +1 1.5698 

+9.5408 
+20** 18' 20" = 



23^ 40" 86«.5 

21 36.0 

1 1 41.5 
1 41 35.5 

98 45 29.5 
+ 81 13.33 



I. 

n. 
III. 

IV. 



4) 100 6 42.83 
i 1 40.71 



* It will probably be found moit oonyenieiit in practice to let down the trtnnta in 
this colamnar form, at the time of observation, in any amall note-book the obeenrer 
has at hand. They can then be transferred to the regular journal as exemplified in 
Art. 76, the mean of the wires being previously east up from the rough columns of 
the notebook. A regular system of bookpkeeping is no leas impartant in the obser- 
vatory than in the oountingJiouw. 

8 
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67. We thns obtain. In the most perfect way, the clock tiiiie« 
of meridian passage for any number of bodies whose right as- 
cension is known. And hence the error of the clock being known 
for a number of insUnta preceding and following any event, the 
error is of course known at the instant of its occurrence. This 
applied with a contrary sign at once transforms the clock time 
at which the phenomenon was observed to true ^dereal time ; 
which is usually the end and object of all the uses of a tranut 
instrument out of the observatory. 

All this, however, supposes that our instrumental adjustment 
of the transit instrument is perfect, which never is the case. So 
far from it, indeed, that without corrections to be applied for the 
errors of the instrument, the observer with an ordinary tran- 
sit can seldom reckon with certainty on an accuracy greater 
than within 2* or 3*, and often much less. And even if no greater 
is desirable, yet some apprehension of the mode of correcting its 
errors is almost indispensable, that he may proceed with that 
knowledge of his means, and that acquaintance with the manage- 
ment of his instrument, so essential to inspire confidence in his 
results. The remainder of the chapter will therefore be devoted 
to a short consideration of the errors of the transit instrument, 
and their corrections. 



68. The erron of the transit instrument and their corrections. 

Let 7 be the latitude of the place. If then d represents the 
declination of any body upon the meridian above the pole, nega- 
tivc when soulli. and positive when north, and if when below 
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transit Or the same may be done imaginarily with fig. 18, call- 
ing PIP' the meridian. The angle of deviation of the transit 
plane will then be measurable on the southern horizon, which 
call a, or 

Let a = the azimuthal deviation ; + when, measured on the 
southern horizon, it deviates towards the east, and — when to- 
wards the west ; and let it be expressed in time,* and not in 
arc. 

Now the deviation being equal to a at the horizon, will de- 
crease as the two circles converge towards one another, till at 
the zenith it becomes ; or at any known zenith distance, the 
distance between the two circles (Cor. 2, Note, Art. 63.) = a x 
sin zen. dist. =a sin (9—0). Now a star south of the zenith in 
coming to the meridian, will cross this small space (Cor. 1, Note, 
Art 63.) in a time =a sin (9—0) sec 6, If therefore the star ar- 
rives at the transit plane at the time /, it will pass from one circle 
to the other, and come to the meridian at the time 

t+a sin {(pS) sec 5. 
As 9—^, and of course sin (9—^), is negative to the north of the 
zenith, the correction must always become subtractive between 
the zenith and the pole ; and manifestly it ought, for the transit 
plane in that quarter passes over to the west of the meridian. 

70. Suppose again the eastern pivot to be a little lower than 
the western, or which is the same thing, that the telescope re- 
volves in a plane cutting the meridian in the north and south 
points, and turned a little over eastward from the meridian at 
the zenith. This position again may be imitated by bringing the 
poles on a globe or in fig. 18, to coincide with the horizon, and 
turning a colure from the zenith a very little over to the east. 
The error of inclination will then be expressed, of course, by 
the small arc of tlie prime vertical intercepted, which repre- 
sent by 

b = error of inclination ; + when, measured on the prime ver- 
tical, it inclines towards the cast, — when towards the west ; and 
expressed in seconds of time. 

The inclination being =6 at the zenith, decreases towards the 

• Any ipt^at circle, u the horizon, may bo luppoaed to be divided into boon, mi- 
Butee, ind icoondi, initead of degrees, minatet, and ■ecoode. 



horizon either way, and the distance between the circles at any 
point is (Cor. 2, Note, Art 63.) b x sin altitude =b x cob zen. duL 
= b cos (<?—S) ; and a star arriving at the transit plane at die 
time t, will cross it, and (allowing for its rate of motion as be- 
fore) arrive on the nteridian at the time 

t+b C08 (ip — S) sec t. 
Now cos (9—^ does not change its sign when ^—i becomes ne- 
gative at the north of the meridian ; and the reason is easily 
seen, — for the trannt plane is in this case wholly to the east of 
the meridian from the north to the south point, or when 6 is ne- 
gative wholly to the west. 

71. Lastly, the telescope may not move in the meridian, but 
in a small circle parallel to the meridian, and every where a cer- 
tun number of seconds (c) east of it. This will be the case if 
the optical axis, instead of being perpendicular to the horizontal 
axis, is inclined towards the eastern pivot a lillle. Let then 

c = the error of coUimatum ; -4- when eastward, — when west- 
ward of the meridian, and reckoned in seconds of time. 

The distance from this circle to the meridian being constant 
at all points, a star arriving at the transit plane at the time /, will 
pass from one to the other in c sec d seconds, and reach the me- 
ridian at the time 

t-\-c sec i. 
If, during the observations, the transit should be reversed, the 
telescope will point as far to the westward of the meridian as 
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ridian, the combined effect of the three at any point is the algebraic 
sum of the separate effects ; consequently, a star, whose recorded 
time of passing the mean wire is ^ is on the meridian at the time 

t+a sin (9—^ sec S+b cos (9—^ sec &+c sec 6, 
If a, bf c, are all + or towards the east, this correction of t is 
entirely additive, as it is plain it should be, since the star moves 
from east to west ; and vice versA. 

72. Once more, let x = the correction of tlie clock ; + when 
the clock is slow of sidereal time, — when fast of the same. 

Then t being the clock time of passing the mean of the transit 
wires, t+x is the true sidereal time of passing the same, and as 
above . . . t+x-\-a sin (9—^ sec 6+ &c. is the true sidereal time 
of the star's crossing the meridian. But this = its own right 
ascension, which call a. We have therefore 

a = t'\-x+a sin (9—^ sec 6+b cos (9—^ sec 6+c sec 6. (1.) 
or X = a— <— a sin (9—^ sec ^— ft cos (9—^ sec 3— c sec i, (2.) 

Now, our object being to find the error of the clock at any 
moment, we may do so by this equation, provided we know the 
values of a, ft, and c. For all the other quantities are known, a, 
the R. A. of the star ; t, the recorded time of its passage, and i 
and 9, its known declination and the latitude of the place. 

73. To find a, ft, and c. — ^First, the level furnishes us with a 
direct means of ascertaining the quantity ft. The horizontal axis, 
when the inclination is positive, is of course depressed below the 
east point by an angle equal to ft ; and the level indicates this de- 
pression, if we know to what arc in space each division of its 
scale corresponds. An accurate method of finding the value of 
a division, if unknown, is illustrated in our example, (Art. 76.) 

Let the axis of the transit be nearly horizontal, and the bubble 
of the level extending on each side of the central zero of the 
scale. In this position, let e designate the reading of the east 

end, and w that of the west end ; then -— — represents the num- 

bcr of divisions by which the centre of the bubble is west of 
zero.* Let the east and west readings of the bubble in the re- 

* Of eoune, if — ^— b negatite, the centre of the bubblo moit be eaft ol leio. 
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versed position be e' and w', then — ^ — ii the distance of the cen- 
tre of the bubble east of zero. A consideration of Art. 36. shows 
that when the axis is horizontal, these two should be equal, 10"* 
W. in the usual position coinciding with 10^" £. in the revened. 
And if the eastern pivot is depressed by b, expressed in diTi- 

sions of the scale, — ^ must be less than — g— by twice that 
amount, or 26. Therefore 26 = ^"^ ^ ~, or more con- 
veniently 6 = —— — ' ^^"^K To express b, however, in seconds 
of time, let A be the value of 1''' of the scale ; then 

If the indications of the level are not constantly the same, or 
very nearly so, the level should be read off in both positions 
several times during observation, and the value of 6 at those times 
will thence be found with ease by the above formula. 

74. The error of coUimalion (c) may be found in several ways. 
First, rudely, by making the central wire bisect the meridian 
mark, and aAcr reversion, estimating its displacement in seconds of 
time by a comparison with the known distance between any two 
wires ; one half of this displacement = c, and is positive, if, in 
an inverting telescope, the wire after reversion appears on the 
left hand of the meridian mark. 
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oess in the course of an evening, especially on slow-moving polar 
stars, will give a very correct value of c. 

Frequently, however, a transit instrument is not situated so as 
to command circumpolar stars, and the following method is in 
all cases available, and generally more accurate with ordinary 
instruments. Having observed a number of stars on widely dif- 
ferent points of the meridian, reverse, and observe about as many 
more. Then from each star in the first position we shall have 
an equation like eq. (2,) Art. 72, in which c sec 6 will have the 
sign — before it ; and from each observed after reversion, a 
similar equation, except that c sec 6 will be affected with the op- 
posite sign. The quantity c may then be eliminated, as in our 
example. Art 76. 

75. The quantity a must be found by a combination of the 
observations themselves, in the form of equation (2,) Art. 72. 

To each star observed, apply eq. (2,) giving to a — f, sin (9—^ 
sec 6, cos (9— Q sec ^, sec 6, their respective values. The three 
latter are called the coefficients of a, ft, and c. For any given lati- 
tude or place, they may be calculated for every degree, or every 
second degree of declination, both + and — , as far as the range 
of the instrument extends. The calculation of such a table will 
occupy but a small space of time, and saves very much labor in 
reducing observations. Such a table for the latitude of New 
Haven is given in Table V, and any observer may in an hour or 
two fill out a similar one for his own station. By its aid, cq. (2) 
may be formed for each star almost instantly. For example : 

July 17, 1838.— Observed transit of ^ Aquilae . . . 19M7«» 19M2. 
By Naut. Aim.— R.A. of /3 Aquilae . . . 19M7» 24'.22 ; Decl. +6° &. 

Therefore a— « = -i;5M0, and looking in Table V, against Decl. 
+ 6^ 0', we have by mere inspection the coeflicients of a, bf 
and c, as follows : 

/3 AquilflB . . . a:=+5«.10— .58 a— .82 6—1.01 c. 
A similar equation may be as easily formed for each star. That 
X may be the same in all the equations, allow for the known rate 
of the clock in each. Next, the value of b being ascertained by 
reducing the observations on the level, multiply it into its coefii- 
cient in each equation, and incorporate the same with the oor- 
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responding vaJue of a—t. The only unknown qusntities in 
now X, a, and c. 

If c has been obtained by reversing on Beveral stan, the frac- 
tion of its value may be alao annexed to a—t in like manoer with 
that of b, and the equations combined so as to obtain :r alone. 
But if c likewise is to be obtained from comparison of all the ob- 
servations, we may proceed as follows : 

(1.) Add a number of equations, which contun a large coeffi- 
cient of a, to form one equation, and an equal number of those 
containing small coefficients of a for another ; taking care that 
there shall be the samo number of plus as of minus coefficients 
of c in each of the two newly formed equations. Subtracting 
one of these from the other, we eliminate x at once, and, if the 
equations are well selected, obtain a with so large, and c with 
80 small a coefficient, that the latter may usually be m^lected, or 
allowed for afterwards. Dividing by its coefficient, we obtain 
the value of a. 

(2.) Again, form two other equations, one embracing j^us co- 
efficients of c, the other as many with the minus sign, at the same 
time choosing those in which the coefficients of a nearly balance 
one another. By subtracting as before, we have a very large 
coefficient of c, and a very small one of a, and a being already 
known, c becomes so of course. 

The student will remark, that although the unknown quanti- 
ties X, a, c, might be eliminated from any three of the equations, 
yet the results would not perfectly agree with those deduced 
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70. Example ; an evenings ohservatiotu, and their reduction. 

We conclude with an example of the observations of a single 
evening, made with an uncompensated clock, and a transit instru- 
ment of but ordinary excellence, which commanded the southern 
meridian up to 70° of altitude. The actual reduction of such a 
series will illustrate and enforce the previous descriptions of pro- 
cesses, and furnish a model for the observer, which he may fol- 
low in whole, or in part, according to the degree of accuracy he 
b desirous of obtaining. 

New Haven, Lat. 41° 18'. Oct. 17, 1839.— Tte occultatim 
of S Capricomi haoijig been observed, — it ia required to deduce 
from the transit observations of that evening the true sidereal times 
of immersion and emersion. 

The transit journal fumisbeg iho following observations : 



i Cipricorni - . 



II 


r 






Do 


11 n 


3.7 


8.9 



as 57.3! 
I 14 «2J 
) 4 S.50 
' 34 47.SO 

■ 47 50.10 



Di*ida bjr th« numbei of leadjjigst 



Ctw.le.elE-1 48.fl 
W. 55.8 


ta-i 


lOt.4 


115.8 
104.4 


* 


+ ii,5 



lip sijii bcinj( ravcTBcd during Ihc^Huugo of f Pejpui, inte Art. It.) 
t The illuminating lamp b the prKient cose wu at tbs wcat und of IJm u 

tevenion, uid •errc* to diMin|[iiiib between the two poeilioiu. 

t The procen indicated in the (brmula (Art. 73,) i* hen repeated three tii 

the pake of diminiihing mall «itm«, and 13 ii thecelbce the diTinr mitaad of 



The leAietiotM in the kst cohunn are made by the mles in 
Arta. 64 f^ 65. the apparent right ascensiotu of the stan 
olMerred aie next to be obtained from the Xaotical Almanac, or 
from some catak^ue by Problem lY, Art. 61 ; also fixHn the 
fawiR catalogne their decIinati<Mis to the nearest minute of space, 
blowing for precesion. The work will then be as follows : 



/1N» 



■ [ 



I 



r. ao U 17.0 M MM -rOSB - 
,il a S3.« I C S.TS|-i-43.M|-I5 SO't 



I - a 42^ < 21 S3.I6 ' -~tO,U 



tCtfi. 


" 38 ttX 


3T2S34: 


'M- 


" ST tJM ST 3.71 ! 


im- 


nav3s K4a9e| 




Am 


n^iwl. 


i - 


- 33 8*38 


K 39.19 


• P. A. 


- 4S4a64 


48 4J6 


• Peg. 


" $6 «8.19 


59STJZ 


yP'g- 


5 OSI 


4 BJO 


*c«i 


-35 34.43 


J14TJ0 




AZB 


Rtnmed. 


«Adi1 


"48 4a4T 


.r»,. 



+■0.40 n-w 



U-io 



i'[-r" " 

+5I.H!-rl4 1 



- = i-OJH- 


.94.- 


J0»-1.0T 


■,= -H«.- 


.ST«- 


JC»-IjM 


.r=-i-iaji- 


34-- 


lJtl»-lil9 


i -i(^T*.oe- 


««- 


J5*-1JB 


!, = -HXS»- 


M— 


.»t-li» 


1 r = -{-41.13- 


J».- 


J9»-l«» 


.. = -1-48.40- 


J».- 


JT*-I4H 


',= -^J"- 


^.- 


ATH-I'Ol 


. = +4ia- 


1.10«- 


J6H-1-16 


, = +5om- 


.47«- 


.siH-i-oi 


, = -H1.44- 


.47«- 


jKH-i-ra 


,_^=-Ha«- 


JS<- 


.53*-fl-« 


*^=+5a3T- 


J5-- 


ijni-ixB 



ArL 75 sufficiently explains the manner of obtaining " Equa- 
tiorta t." The R.A. of the moon is such as it was when 
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87 



= 



2l'» 88»+21'» 68« 



)-2lM,or 



43 '>'i+44 1^ 

0»».7, the rate = ^ ^ -43.64=+0-.20, or +0-.29 pr. hour. 

Giving a double weight to the former of these two values, on 
account of its deduction from a longer interval, we have r = • 
+0-.34 pr. hour. 

For the value of b, the observations give us 6 = +2.67 ft, and b = 
+2.88 ft, at 21\8 and 0\2 respectively. Being nearly the same, 
we may combiue them, giving the first double weight, and b = 
+2.74 ft. To determine ft, it had been fouAd by a scale and ver- 
nier, that 28 turns of the screw of elevation raised its Y 0.677 
inches ; also 25 turns were equal to 0.605 inches ; .*. 1 turn = 
.02418 by the 1st, and =.02420 by the last measure; therefore 
1 turn =.02419 inches. Distance from Y to Y = 13.57 inches; 
then 13.57 : rad : : .02419 : arc 6' T'.l = 367".7 = 24-.51. And 
4 of a turn was found on a mean of many trials to change thQ 
situation of the bubble, when near its usual limits, by 10.79 divi- 

24-.51 



sions. Therefore 



or 3-.501 = 10.79 div. and 1**^- or ft = 



0-.325. Consequently, for our observations, 6 = + 2.74 ft = 
+ 0V89. 

With the above value of r we will reduce the expressions for x 
to such as they would be at 21\0 ; and also eliminate b from the 
equations. The corrections for r and b are tabulated below, and 
applying them to a— ^, we will reduce ^ Equations I" to ** Equa* 
tions II." 



Correction for 






No. 


Equations II. 






r = -f.34 


6 = -f.89 












-f .03 


— .45 




|-42«.60 


(1.) 
(2.) 


X = - 


k42-.60— .94 a— 1.07 c 


— .03 


— .50 




-43.11 




X = - 


r43.11 — .87 a— 1.04 c 


— .12 


— .92 




-48.07 




(3.) 


* = - 


- 48 .07 — .34 a — 1.09 c 


— .21 


— .49 




-42.85 




m 


« = - 


-42.85— .89 a — 1.05 c 


— .32 


— .52 




-43.29 




X = - 


- 43 .29 — .86 a — 1.03 c 


— .53 


— .77 




-47.10 




{^'} 


X = - 


-47.10— .53a— I.Ol c 


— .53 


— .77 




-48.89 




(7. 


X = - 


- 48 .89 — .53 a - 


- 1.01 c 


— .61 


— .32 




- 43 .35 




(8.) 
(9.) 


X =: -J 


-43.35— 1.10 a - 


-1.16 c 


— .66 


— .82 




-49.39 




X = - 


- 49 .39 — .47 a - 


-1.03 c 


—1.04 


— .82 




-49.58 




no.) 

11.) 


X = -^ 


- 49 .58 — .47 a - 


-1.03 c 


—1.22 


— .47 




-45.24 




X = -^ 


- 45 .24 — .92 a - 


-1.06 c 


—1.29 


— .92 




-48.16 




(12.) 


X = - 


-48.16— J5a — 1.08c | 



By properly combining ''Equations IF in the way recom- 
mended in Art. 75, we find the values of a and c as foUowi : 



Adding (1.). (2.). (4). (8-). (l^-). »<> fo™ **» fi>* eqartioo, 
and (3.). (6-)» (9-). (10.). (12.). to form Ihe aecond, we have, 
5l=+2!7M5— 4.72 0— 0.»4 C 
5 a: = +242'.30— 2.16 a— 1.12 c 
Subtracting = — 25*.15— 2.56 a+0.18 c 
3.56a = — 25'.15+ .18 c 
a = — 9'.82+ .07 c 
Again, 
Adding (7.), (8.), (9.), (10.), (U.). 

6x = +236*.45— 3.490+ 6.29 c 
Adding (2.), (4.), (5.), (6.), (12.), 

5 X = 4-224'.51 - 3.50 a— 5.21 c 



= +ll'.94+ .01<i + 10.50c 
10.50 C= -11".94— .01(I = -11'.94+0'.10=— 11.84 
c=— 1M3 
Correcting the value of a aa above by this of c, 

a = — 9'.82-0'.08 = -ff.OO. 
Finally, we substitute the values of a, b, and c, in " Equations 
I," and thus obtain "Equations III," or the corrections of the 
dock. 




vYfim • • • • ^ — "T 52 .97 
1 1 fim • • • • I 53 .47 

^^" • . . . +54.20 



+ .50 

+ .73 
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gradually increasing. The result on the first three wires of ^ 

Pegasi, not well agreeing with the rest of the series, should be 

cast out ; then taking the mean of the first four, and of their 

corresponding times, and the mean of the next four, as abo of 

the last three, we have 

at21*» 15" 

22*" 33"> 

0^29" 

Hence for any given time f between 21** 15" and 22** 33* 

X = +52.97+ («'-21** 15«) ^^, 

and between 22*» 33" and 0** S9" 

X = +53.47+ («'-22'' 33") ^^. 

0* 50 
Then at 22>* 23- x = +52.97+68 -^^^ = +53'.41 

7o 

0" 73 
at 23** 15- x = +53.47+42 ^—^ = +MI-.73 

llo 

Im. of 5 Capricomi 22** 22" 43'.80+53.-41=23** 23" 37'.21, 

Em. " 23** 14" 42*.5 + 53«.73=23** 15" 86-.2, 

true sidereal time at New Haven. 



CHAPTER V. 

OF PROBLEMS DC PRACTICAL ASTRONOBHr. 

77. In the calculations connected with practical astronomy, 
there are a number of operations so frequently required, that 
familiarity with at least a few is necessary to render farther pro- 
gress easy or certain. The following are some of the most use* 
ful and universal in their application. 

I. On the use of Signs connected with the Logarithms of Numbers 

and Circular Functions. 

78. The sign + or — prefixed to a logarithm indicates the 
state of the natural number to which the logarithm belongs, and 



not of the logarithm itself. Thus, in the operations of nmltipfi- 
cation and diviBion, the signs belonging to quantities are pre* 
fixed to their respective logarithms, and being disregarded in 
the addition or subtraction of the latter, are only of use to 
determine -what eign shall be prefixed to the final product or 
quotient. 

The sine, cosine, tangent, &e. of an arc, it will be recollected, 
have not the same signs in all the quadrants. The sine, for in- 
stance, is positive in the 1st and 2nd quadi'ants, but in the 3rd 
and 4th, being measured In an opposite direction, it is considered 
negative. For convenience of reference, Table I. contains a 
schedule of the changes of the different circular functions through 
the four t]uad rants, with their opposite signs in each. In ciun- 
mon operations of trigonometry and astronomy, the change of 
signs caused by difference of quadrant maf irequently be o^ 
levted ; it is, however, the best, because the safest and most uni- 
form method, to4«tain the distinction in all cases. 

Ex. What a the value of 

(— 627".l) X sin (-26° 10') x au (— 26" iO^ 
COS 157° tan 98' sin 30° 

Remark. — As the sine of +28' 10' is the same as that of 300° 
+28' 10', so the sineof — 28' lO'is the same as of 360'— 28' 10'. 
The sine and cosine of —28' 10', are therefore those of the 4th 
quadrant. 

I. (-627".l) -2.7973 

/. sin (— 28' 10') - 9.6740 

f.cos(— 28° 10') -f 9.9453 
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given for each day in the Nautical and American Almanacs, and 
UfluaDy in all ephemerides of any importance. Also in the Naut. 
Aim. is given the '^ Mean Time of Transit of the first point of 
Aries,'' or the mean time corresponding to sidereal noon. The 
sidereal time therefore corresponding to any hour, minute and 
second of Gr. mean time, is found by adding to the sidereal time 
of the preceding Gr. mean noon the sidereal equivalent of the 
mean time since then elapsed ; and vice versd. The reason of 
the process will perhaps be best understood by expressing the 
agreement between mean solar and sidereal time in the form of 
an equation. 

Ex. 1. 2b convert 13»» 41" 17«.04 Gr. mean time, July 1, 1840, 
into Gr. sid. time. 

Gr. mean time. Gr. ad. time. 

July 1, 1840. 0^ ^" O-.OO = &" 38» 24*.89 ... p. II. N. A. 

IS** = 13 2 8.13 

41« =416 .74 ^ Table II. 

17-.04 = n.o9 



13h 4i« 171 04 = 2o»» 21" 56-.85 

Ex. 2. To convert S^ 10" 19*. 76 sid. time into mean solar time^ 
July 1, 1 840, ybr the meridian of New Haven. 

N. H. lid. time. N. H. mean time. 

17M8»44*.48 ) Gr.m.t. of sid.noon. 
-47.80i p. XXII. N. A. 

Transit of 1st 
point of Aries, 



0^0»0'.00=17 17 56.68 N.H." " " 



3 = 2 59 30.51 

10 = 9 58.36 ^ Table III. 
19.76= 19.71 



3 10 19.76=20 27 45.26 

Remark. — At any other meridian than Greenwich, — for in- 
stance, at New Haven, since we have no equation between mean 
and sidereal time at New Haven mean or sidereal noon, we con- 
vert New Haven into Gr. time by adding the difference of lon- 
gitude, then convert Gr. mean into Gr. sid. time, or Gr. sid. into 
Gr. mean time, and again subtract the longitude to reconvert to 
New Haven time. These operations may be materially shortened, 
by adding 47'.93, or '' the acceleration of sidereal time on solar'' 
during 4*" 51" 46^ (Table II.), to the Gr. sid. time of Mean Noon» 
to find the N. H. sid. time of Mean Noon ; and by sul 



4T.^, or " the rHardation of Mlar time od ndereaT during 4* 
51" 4S» (Tabic III.), from - Mean Time of Transit of Fiul 
Poiol of Aric^* as given for Gneowicb, to find the same for 
Xew Haren. 

S^me eph*meride» gire only "Sid. Time at Mean Noon;" in 
thi^ case. Es. 2 may be perfonned by reTersing the operation in 
Ei. 1. For instance, to find the mean time answering to 20^ 
31'' o&.^b aid. lime, take out from Table III. the equivalent of 
20' 21" 5ff.*5— 6- 35" 24*.^9 in mean lime. 

It sb'Wd be always remembered, thai all the quantities in the 
Naiitica] Ahnanac are in Grrrmdch time. The local time of any 
olber place must therefore be ini'ariably converted into the cor- 
lespoDding Greenwich time, before any reference can be made 
to thij ephemeris.* 

III. Interpolation by Differentts. 

SO. It is frequently necessary in Practical Astronomy, from 
the values of any variable quantity at certain equal detinite in. 
tervals. to determine its amount at any intermedi^e time. The 
most irregularly varying quantity, if of gradual change, and 
subject to the control of any, even an unknown, taw of progress, 
may be concluded from a regular series of values, for any other 
point amidst the series by (he method of differences. (See Day's 
Algebra, p. 273.) 

If, f)r example, wc have (he moon's right escen^on at mean 
noon for a number of days in succession, subtract the R..\. at 
each noon from that at l)>e following noon. pa\ing attention lo 
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mita the lint of k series of values, d', tf", <t", Ac., tlw first of 
each successive order of dtfierences, and A the value for the time 
( elapsed since the time of the first value, and reckotwd in parts 
of the equal interveoinf^ intervals. 

Ex. 1. Given the tun's dedinatum oMfoUowi : 



-1400 .9 
-1402 



='ia-. 



1888. Sept. 17J+2'' iff 14". 

18, 1 56 58 .2 I 
33 39 . 
10 18 . 
i,+0 46 66 .0 I 
Reguirtd the tame at Sept. 18' 9^ 30°. 

Here, after taking the differences as above, a = +2* SO* 14".8 ; 
d' = _1396".l; d"=— 2".6; (f"'= ■+0".4,&C., and ( = 1' 9*80" 
= 1^1 = 1.4 nearly. 

A = +2" ao* 14".3 — 1396".! X IH - 8".6 x 1.4 x ^ + 
0".4xl.4x^x^^+, &c. = +1" 47' 44".9 

When the series is so rapidly convei^nt, as to render calcu- 
lation beyond the second differences unnecASsary, the interpola- 
tion may be performed by means of Table IV., which contains 
the coefficients of d" for every hundredth part of the unit of 
time elapsing between the succeenve values of the quantity re- 
quired. The following rule will in this case be applicable : 

" Take from the ephemeris the two values preceding, and the 
two following the required time. Subtract the first in order of 
time from the second, the second from the third, &,c., for the 
first rank of differences. Subtract each of these from the fol- 
lowing, for the second rank of differences, always paying atten- 
tion to the algebraic signs of the quantities. Call the 2nd of 
the four values, a ; the 2nd of the three first differences, d', and the 
mean of the two second differences, d". Reduce the time elaps- 
ed since the date of the second value, to the decimal fraction of 
the unit of time chosen, calling the same t. 

" Enter Table lY with this decimal at the nde, and d" at the 

top, in the column headed ' Seconds of Second Differences,' and 

take out the corresponding correction, which must have its sign 

always contrary to that of d". Or if d" be greater than 100, 

* Nortli declinalunu ue poMtiTe ; louth di-cliTwIioni nc^BtiTS. 

10 



r 
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lake out its natural or logarithmic coefficient from the proper 
columns, and multiply by d". Add the correction so found lo 
a+id'; the aum will be the value required," 

It is not unfrequently the case, that we have but a limited num- 
ber of values of the required quantity, and wish to interpolate 
for a time not included between them. In such a case we may 
extend the series artificially by addition of differences, until ii 
will embrace the time for which we intend to calculate. 

Ex 2. In tlie calculation of the. eclipse. Art. 103, we have only 
the value of p— u included between the lines o* belotD, for S"* 30", 
&'• 30"", 10'' 30™ ; required the values of the same for S' 0" atul 
Itf" 45". 



ff\ 3(j« 



10^ SO" 



Here a = — 2206".3 



+ 156.1 
+ 15B.] 
+ 156.1 
+ 156.1 
= +985".6 ; rf"^+156".l ; (=.50 o 



+ 985.C 
+ 1141.7 
+1297.9 
+ 1453.9 



«+(/'(=«+- = —1713".. 

Corr. for +10O" —12". 

+ 50 - 6 . 



f Table IV. ; Arg. at side. 







-1733 .0 








Agaii 


,a = +1218.8 


(Z' = +1453".9; 


d"^ 


+ 156".] ! t 


Corr. 


a+d't = 
for +100" 
50" 
6" 


+158a".3 

- 9.4 

- 4.7 

- .6 


Arg 


15" 


Table IV. 



+ 1567.6 
A very useful application of the formula for interpolation is,— 
to find from a series of values of any quantity, the time when 1 
that quantity arrives at a maximum or minimum, as well as \%» J 
amount at that time. By di fie rent iation of the original formuli, 
we have, for the moment that A is at a maximum, this equation : 



d'+(f" ■ 



+ &c = 



,ti hour, Ilie Brgumcnl at the >ide inaj be fbnad i ijimiiiT ft S 



whence t = 
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2d" 

and with t thus found, we may easily obtain the greatest or least 
value, as for instance, of the sun's declination at the solstices, or 
the shortest distance between the centres of any two celestial 
bodies in case of an eclipse or near approach. 

• 

IV. Corrections of the places of Fixed Stars. 

81. All well arranged catalogues of the fixed stars contain 
their mean right ascensions and declinations at a given epoch. 
In instrumental observation, however, we see them not in these 
mean places, but altered by the amount of their precession since 
the given epoch, and affected by nutation and aberration. The 
mean places must therefore be reduced to the apparent, before 
they can be compared with observations. 

The algebraic expressions for these corrections have been so 
subdivided by a distinguished German astronomer,* that all the 
quantities relating to the places of the stars are expressed by four 
factors, a, fr, c, J, accented and unaccented ; and all those de- 
pendent on the time, by four others, A, B, C, D, such that the 
whole correction for the place of the star is as follows : 

A a = aA -f frB + cC+dD. 
A6 = a'A+VB+dC+d'D. 
where A a and A^ are the required corrections in R.A. and 
Decl. respectively. 

The arrangement possesses this peculiar advantage, — that the 
factors, expressed by the small letters, being dependent on the 
places of the stars only, and therefore constant for a long period 
of years, may be calculated and inserted with the stars in a stan- 
dard catalogue, while A, B, C, and D, which are the same for all 
the stars, but vary with the time, can be appended to the Nau- 
tical Almanac and similar series of tables, which have the element 
of time instead of space for their basis. The later catdogues, 
such as Schumacher's Catalogue of 500 stars in Pearson's Astron- 
omy, — the Astron. Soc. Catal. of 2900 by Baily, and others, fur- 
nish the logarithmic constants, a, b, c, d, and a', ft', c', d', for each 
star ; and the ** XXII. p. of the month, Naut. Aim.," contains the 
logarithms of A, B, C, D, for each day. The mean R. A. and 

• Prof. BmmL 
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Decl, for the epocli of the caiatogue is reduced to that for the 
current year, by adding as many times the annual precession in 
R.A. and DecL, annexed to each star in the catalogue, as the 
number of even years elapsed since the given epoch. 

Ex. 1. Wliat is ftie apparent right ascension of -n Andrmaeda 
on the mil Oct. 1S39? 

In the General Catalogue of the Uoyal Astron. Society. (Mem. 
Ast. Soc.. vol. II.) the 96lh star is ij Andromedas, — p. Is. — and 
we there find its "mean R.A. for Jan. 1, 1830," its "annual pre- 
cession" and the " logarithms of a, b, c. and d," as below: 
\o, 96. — 38 1 Amlromed^. 



I 



+ 8.8486 
1.2322 



+ 8.1774 
+ 0.9171 



0.0808 
+ 1-.204 

R.A.Jan. I. 1930, 0^ 



+ 0.50a9|+8.4315 
+ 9.93891—0.9621 



Ast, Soc. Cat ' I 
N. A. p. XXIt I 



+M24 +2'.766 -'.248 Nat. nufDbers. 



0^48™ 7'.98 
+28 .647 


+3'. 183 
9 


+ .124 
+ 3.766 
— .248 


+28 .647 



O"" 48" 40'. 47 . . App. R.A. of V Androme* 
The apparent declination may be calculated in the same way 
)>y employing the factors a', b', c', d'. 

" The Apparent Places" of a select hundred fixed stars calcu- 
lated for every tenth day of the year, are contained in the latter 
part of the Naul. Aim. If, of the objects observed by a transit j 
or other instrument, any should be in this list, or among the fouB-J 
"Moon Culminating Stars" to be observed wiili the moon OQ' J 
that evening, — its apparent right ascension may be taken out witlKjl 
out farther trouble; all others must be computed from the call.- \ 
logues. 
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CHAPTER VI. 



OF ECLIP8S8 OF THE MOON. 



82. In calculating an eclipse of the moon, let us conceive our- 
selves encircled by a sphere, concentric with the earth, having 
its radius equal to the moon's distance, and of course, passing 
through the centre of the moon. The minute portion of this 
sphere occupied by the sections of the moon and the earth's shadow 
during a lunar eclipse, may without material error be regarded 
as a plane, and is called the plane qf projection ; and the great 
circles in which the centres of these sections move, will be straight 
lines in this plane. If the student has reviewed the general 
method of calculating a lunar eclipse, for which we would refer 
to Arts. 245-260 of Olmsted's Astronomy, he will recollect^ that 
the cross sections of the earth's dark shadow and of the penum- 
bra, are two concentric small circles of the sphere, whose semi- 
diameters are respectively P+ir— D and F+ir-t-D, where D is 
the sun's semidiameter, P his horizontal parallax, and ir that of 
the moon. 

83. Methods of finding the places of the sun and moon in lunar 
and solar eclipses. 

The moon's mean place is the place she would occupy, if she 
revolved around the earth in a circle at her mean distance, and 
undisturbed by the attraction of the sun and planets. The true 
place of the moon differs from the mean place on account of the 
inequalities and perturbations of her motion. All the forces 
which tend to urge the moon from her mean orbit in various 
directions, may be resolved into such as shift her place in the di- 
rection of some great circle, and in a direction perpendicular to 
iL The effects of these forces in changing the moon's mean 
place, are expressed in equations, determined by analysis, and 
containing as factors the mean place of the moon, the place of 
her node, and the like. The numerical results of these equa- 
tions are called the corrections of the moon's mean place, and 
may be computed directly for any particular case, or they may 



r 



w 

be calculated for every degree of the great circle, and regis- 
tered in separate tables. These Tables being prepared, all that 
is necessary is to take from theni the several corrections requir- 
ed, and measure them off backwards and forwards according to 
their signs on the great circle employed, to arrive from the mean 
to the true place on that circle. The corrections for the raoon'i 
place on a perpendicular circle may be applied in the same way. 
If this calculation be made for regular intervals of time, such 
as mean noon of every day, we shall have a new series of Table*, 
dei>cnding on the former, as the former do upon the original ana- 
lytical equations. There will be a distinctive difference between 
them in this respect : — that since the former are computed for 
every degree in a great circle, their element is space, and th^ 
are complete as soon as the round of the circle is made ; the laW 
ter, on the other hand, having (jW for their basis, are in their 
nature continuous, having no definite end. The first class of 
tables are the common Lunar Tables.* The latter are iboss 



I 



• Many of Uie older works Ucnling of eclipeei, and some of the more recent, bh 
dude ui abridged Hriea of Luntir Ta-bles, which have been otnilled in the prmoC 
treatiK, Tbe page* of the Nautical Almansc have been prorcrrcd a> Table* uf n, 
feience, ind for the IbltowiDg reaaoiie: Tbe process of computing llie moon'* trv^ 
place from Ilie Lunar Tahlee » not neceuarilj connected with the colculAtion of M' 
eclipse, any more than is Uie proceBs of computing the Lanu Tables from the or^ 
nal ei|nctio>iB. It i« moreover of little profit to Ihc student, aiace afler a knowledp 
ot the method of procedure bb described abase, be hai onlj to enter a. great DomlM' . 
of tabJea in Buceenion, and take from them their leEpcetive additive or sublrscliif 
eorrectiutiB, winch yet are bo numeroUB, as to reodtr the operation a very long aw 
ledioua one. This labor, before the wide diffusion of the Nautical Almanac, waan. 
deed indispensable. But since that Worii is everj where and easily obtainable, ■» 
ttonomers no longer regard thin prefatory calculation as esacnlially conneuted wilk 
the work of an eclipse ; and in the Inter European works on Practical Astronomft 
instead of giving rules for obtaining the corrections from the " Lunar Tablia" (or Ibt 
true place, lliey give rules for interpolating the true place for any given instant of liio* 
from the pages of the Nanlfcal Almanac. 

It is scarcely necesmry Ut remark, that altliough the colculalioD by lalitude* tai 
longitudes had acme advaotages while the Lunar Tables were employed, the nse of 
the Nautical Almanac renders that by right ascensions and decUnaLions prefenbhk . 
For in that work the moon's longitude and latitude are given only for every noM ' 
and midnight ; while her right ascension and declination are glveq for eveiy twiOr 
of the year, and we thus dispense with interpolation by second and third differeOOCK 
Moreover, althougli in a lunar eclipse tbe same formule arc equally appUcable, wtK^ 
Ihcr the equator or the ecliptic be the circle of reference,— yet in a solar eclipse, ll«' 
fiiity of the po!e of the equator, as regards the lenitb, whence pnrallaies are redi. 
oned, renders the calculation by R.A, and DecL more simple and more eipeditioos. 
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comprised in the Nautical Almanac,* anch upon these we shall 
depend for our data in the subsequent calculations. 

The sun's place, the moon's semidiameter and horizontal paral- 
lax, and other elements necessary to eclipses and astronomical 
computations in general, are also more easily, directly, and accu- 
rately obtained by proportion or interpolation between the quan- 
tities in the Naut Aim., than from the ordinary tables. 

84. Denumstration offormuke. 

Let A and ^ be the true R.A. and Decl. of a point in the 
sphere diametrically opposite to the sun's place, that is, of the 
earth's shadow, and let a and 6 represent the same quantities for 
the moon ; aslo let T be the even hour nearest the middle of the 
eclipse. The quantities A and J are the sun's R.A. and Deck, 
(pp. I-II, N. A.,) the first increased by 12\ the latter with its 
sign changed ; and a and 6 are given for every hour of mean 
time, (pp. V-XII. N. A.) T is readily found for any eclipse by 
comparing the columns of the sun's and moon's R.A. ; a simple 
inspection will show to the nearest hour of mean time wJien these 
are 12^ distant from each other. Then take out the quantities 
A, -</, a, and 6, for the times T— 1\ T, T-H*»; the two first by 
interpolation, the two last directly. 

In fig. 20, let ACD be the section of the earth's shadow, ASD 
the meridian passing through its centre, and CSF a great circle 
perpendicular to it Let EMB be the relative orbit of the moon, 
the earth's shadow being supposed stationary ; then a^A, and 
6 — J, will represent the relative differences of R.A. and Decl. 
of the moon from the centre of the shadow. The section of 
the moon and shadow being regarded as a plane, in which the 

* The Nautical Almanac if a work, which in Uie present state of astronomy, no 
obterver can easily dispense with, egen for the simplest 4ises of the transit instrument 
and sextant. For the purposes of a clagg in collegCt who wish to calculate an eclipt«e 
of the moon or sun in advance, a single copy in the Ubrary of the institution will 
suffice; and the few data Uiat are required may be transcribed in a few minutes. 
The work may generally be obtained for at least three years in advance in our largo 
cities. 

For most of the purposes indicated in the present treatise, and for all connected 
with eclipses, " Blunt*s edition of the Naut. Aim.*' will suffice. Either this Abridg. 
munt (at |(1^) or the larger London edition (at ^^i) cai^ always be obtained in ad- 
vancc by application to the agents, E. & G. W. Blunt, New York. 
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perpendiculars AD and CF are two axes of reference, — ^we must 
now ascertain the moon's perpendicular distance in secoiidt 
of space from AD and CF at the three times T— !■■, T, aod 
T+l\ Now, (Cor. 2, Note, Art. 63,) the distance of the moon's 
centre from the meridian AD = («— -^) cos i. Its distance from 
CF is very nearly equal to i—^, and would be quite so, but that 
the great circle CF does not coincide with the small circle, paral- 
lel to the equator at that point, for any considerable distance, 
but departs from it by a minute quantity increasing as the square 

of {a—A.) This Hnall difTerence = — cos i sin -J (»—'*)** 

where r = the radius of a circle, expressed in seconds of the 
circumference = 206265". 

Let then p = («— -^ cos 6, 

q = i — ^ + H~ '^*** ^ ^'" ^ ("~-^' 
These are the co-ordinates of the moon's centre with reference 
to CF and AD, and may be measured on those lineK. 

85. Take out by simple proportion from the Naut Aim. the 
sun's semidiameter D and horizontal parallax P, and also those 
of the moon d, <r, (pp. II-III. N. A.) Since the earth's shadow 
is nearly elliptical, being the shadow of an elUpsoid, * (which is 
in ditferenl latitudes proportioned to the earth's radius), should be 
reduced from the equatorial value to its value in lal. Ab", by apply- 
ing the reduction contained in Table V'l. For the adoption of 
railiiLs of the earth's shadow, will i-eiider the calcula- 
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Now, when the moon just touches the dark shadow externally, 
as also when she is just quitting it, her distances, BS, ES, from 
the centre of the shadow = s+d ; and at the beginning or end 
of total eclipse, her distance B'S or E'S =^s—d. The lines p 
and q, or the co-ordinate distances of the moon frpm AD and 
CF, evidently form at these times with szhd a right angled tri- 
angle, of which sztzd is the hypothenuse ; and hence at these 
times we have the equation 

where s* may be put for i, when the contacts are those of the 
penumbra.* 

Now from the series of values which we have of p and q cor- 
responding to T— 1^ T, and T+lS we might find, by a method 
of '' trial and error,^ at what times the first member of the above 
equation should be equal to the last, and these times are, of course, 
those of beginning and end of partial and total eclipse. But in 
the present case, a more direct method presents itself. 

86. If XIII, XIV, XV, in the figure represent the position 
of the moon at the times T— IN T, T+l»»^— then XIII G repre- 
sents the change of />, and G XV that of 9, in two hours ; and 
XIII G : G XV : : rad : tan G XIII XV ; which angle, being 
the inclination of the relative orbit BME to the equator, or to 
its parallel CSF, call 1. Let t be the time when p becomes no- 
thing, found by simple proportion, and q* be the value of 9 at 
that time = SN. Draw RSU at right angles to BE, cutting it in 
M ; then since MSN = 1, MS = SN cos 1, and NM = SN sin 1. 
Farther, XIII G x sec 1 = XIII XV, or the motion of the moon 
in two hours, and dividing this by 2, we have A, the horary mo- 

NM 
tion of the moon on its relative orbit BME. Then 60 — j- = 

the time in minutes of passing from N to M, and ^=h60 —r- =/', 

the time of central eclipse, and MS, the shortest distance, is already 
known. In the right angled triangle BMS, we have BS and MS 

11 
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known, to find BM = VBS«-M^ = v'(BS+MS) (BS-MS). 
Then 60 -r- = time of passing from B to M or from M to E, 

and f q:60 -T- = the times of beginning and end of putial 

eclipse. So also for the beginning and end of total eclipse, and 
for the first and last contacts with the pennmbra, we may em- 
ploy i— if and ^^d instead of s+tf = BS. 

With this general illustration, the following more distinct for- 
mulffi will be easily understood. 

Let ( = the inclination of the relative orbit to the circle paral- 
lel to the equator, being posilive when 6 is increas- 
ing. 
A;i = t the change of p from T— 1^ to T■^i^ 
Ag=" " ? u u ■ 

f' = the value of q when p becomes nothing, 
( =the time whenp becomes nothing, 
t = "of central eclipse. 

m = MS, the shortest distanco. 
h = moon's horary motion. 

Then (1.) -~ = tan i ; i to be taken between 0° and 90°, and ■>■ 

or — according to the sign of lU tangent 
(2.) A p sec I = A. 
(3.) ±^ COB I = m ; fn to be always positiTO, ' 

<}' sin I 
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pie the eclipse of Feb. 5, 1841, and proceed to calculate the times 
of its different phases for New Haven. And since the absolute 
times of the contacts are the same the earth over, we will first 
calculate them in Greenwich mean time, and reduce to New Ha- 
ven mean time afterwards by subtracting the difference of lon- 
gitude. 

By comparing the columns of R.A- of the sun and moon, we 
see that on Feb. 5, the moon's R.A. at IS\ 14\ ISf" is roughly ^ 
IG", 9^ 18", and 9*» 21" respectively ; while the sun's R.A. on 
the noons of the 5th and 6th is 21** 16" and 21^ 20" respectively. 
Changing the 21^ to 9^ — since 14^ of time is but little more than 
half-way from noon to noon, the opposition must take place near- 
est Feb. 5^ 14\ which therefore = T. 

Take from p. H the sun's R.A. for Feb. S**— 13*, 14"» and 15* 
of mean time* by interpolation, and add to each 12* ; and from 
pp. V-XII that of the moon for the same times, directly. In the 
same way take out their declinations, changing the sign of that of 
the sun. Combine these quantities so as to obtiun the co-ordinates 

(a— ^) cos i and ^— .J+ x- cos 6 sin J (a—J)\ The latter 

term, being of very smaU amount, may be roughly computed 
with logarithms extending to only two or three places. The 

logarithm of — is constant, being in all cases +4.385. 



2r 



Date. 

H 
15 



A. 

9'«18»23-.4 
33.4 
43.4 






9hl6« 4«.3 
" 18 27.1 
" 20 49.4 



-139«.l 
- 6^ 
-1-126.0 



Lm-A 
L CMS 

I ly (=i») 



^p 



13^ 

-2.1433 

-f- 9.9628 
4-1.1761 



-3.3022 
- 2005* 



14»' 

-0.7993 
4-9.9833 
-f- 1.1761 



15^ 

4-2.1004 
4-9.9838 
4-1.1761 



- 1.9567 4-3.9603 
-91* 4-1821" 



4-150 42'\3* 
4-" 4157 
4-" 41 11 



2 I («-il) 

21.15" 

^^ 
2r 

L sin A 



4-160 y 23^4-19' 40* =4-ii80» 

4-15 47 55 4- 5 58 =4- 358 

4-15 33221-749 =-469 



^ cos < on A {a-A^-j- 
a-A 



ISn 



14k 



4- 4.29 4- 1.60 4- 4.20 

4- 9.96 4- 9.96 

4-2.36 4-3.35 4- 

-h 4.38 4- 4.38 

4- 9.43 4- 9.43 



4- 0.43 
3* 
4-1180* 



4-1183* 



4-7.74 
4- 0* 
4-358* 



4^58* 



1511 




-f-0.84 

4- 2* 

-469* 



-467* 



* If Uie American edition of the N. A. be need, which eonUini mt preeent Uie 
■un*i R.A., only for apparent noon, the interpolation muit be perfonned lor the aj»- 
parent timet oorreeponding to 13^, 14^, and 15^ of mean time, for which iagiren the 
eqnatkm of time 00 the laiiie page. 
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IM 
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s)+3<n«- 


! -)-3S«' 

-i-318" = j-- 
/JJ+3.2SiT - ■ - -+3JMn l.(±T')iS.SOM 
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ip = + IHIJ' 
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- = asia- 


?^' = - OklW 


I. CM t + u.aeis* 




i.,in. - D-S978' Hb 2- 53- + 3- 38- = U» B- ac 


= f. 


Now, by proportion between the 
m, we have for Fob. S-* 14*, 


quaDlities in 


thoN.A.,p.n- 


Moon". «q. hoi. [W. = eO'JS' • - 60- 35" 


■ - RedDClLonU>«0L«l, T«b. V[. 


HooAt ■unidimi, ^WW ■ = eo'sa" 

Sun'« " = 16- IV P = 9" 




2D = 32' r:'^ 





P+i, - D = \V 21" 
(P+.-D)= «" 






.' + ^ = !..' fc- 




J = 16- 30- 


61 

'=60 


(P+,_D) = 4V 8" 




H-d-"^ 


.+d = ni^3s|| 


For [oriiil »li|>c. 

(. 3106" 1-3.5322 

(.3990" ■ ■ +3.6010 


F>»«..l«lii«. 
J, ]«6" - - +3,1541 

(. '2010" - - -1-3.303;; 


- 3406" - 5..' iG" 


2) f 7. 1332 


2)+0.45T3 
+3 31*8 




> frfT™ = 


^ 3990" =. &/ 30" 


+3.J00G 

Lk -|-3.;ji!W 


::^;::: 


:S';SJ? 


+0.2178 

iTm = 1" 


+U.WJ9 


J«" 


MT., 




Then Hb 6~ 2«- =f 


1 u^ 


6" 


'29. 





IS" 52" 37* End or jiiirt. fc\\\:fe. 1 J 1>' 53'° 16- Enil of lolal ecli|>.*. 
■ At the umc time thai i is tiikcn from the lublei by means of iU luigent, tak« 
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And, proceeding in the same way with s^+d^ we have 

llh24m 8* First contact with Penumbra. 
16t>48«50i Last " " " 

CoUecting these results into a tabular form, 



Gr. M. Time, 
n 24 8 

12 20 21 

13 17 42 

14 6 29 

14 55 16 

15 52 37 

16 48 50 



Long, of N. H.iN. H. Mean Time. 



4 51 46 



<< 

u 



6 32 22 First contact with Penumbra. 

7 28 35 First contact with dark Shadow. 

8 25 56 First total Immersion in dark Shadow. 

9 14 43 Middle of Eclipse. 

10 3 30 Last total Immersion in dark Shadow. 

11 51 Last contact with dark Shadow. 
11 57 4 Last contact with Penumbra. 



Magnitude of the eclipse* (= p7p> see fig.) = — ^ — = 

3406'' 

rrzr^- = 1.720 on the southern limb. 

88. To project a lunar eclipse. 

The same results may be obtained by means of an easy pro- 
jection, with the advantage of having, as it were, an exact pic- 
ture or representation of the particular features of the eclipse. 

Draw the axes AD and CF (fig. 20) perpendicular to each other; 
and place the plus sign above, and the minus below, on the line 
AD, — and on the line CF, at the left and right respectively. Set 
off the values of p (Art. 87.) from S upon the line CF, in direc- 
tions corresponding to their signs ; thus ~2005'' will be SP to- 
ward the right hand, and +1821'' will be ^' toward the left. 
In the same way make P XIII, . . . P' XV, equal to +1183" . . . 
—467" respectively. Through the points XIII, XIV, XV, draw 

out its logarithmic aecant, cosine, and sine. This will save the trouble of a second, 

third, and fourth reference to the same place. 

* The magnitude of an eclipse^ in a partial eclipse, is Uie greatest distance to 

which the shadow advances on the moon, measured in parts of her diameter. In a 

total eclipse, the shadow being supposed to have advanced, not only upon the 

moon, but beyond it on the other side, the ** magnitude*' is still measured from the 

point of the moon's limb, nearest the centre of the shadow at the middle of the 

eclipse, across tlic moon's disc to the edge of the shadow beyond, and is therefore 

» 1 9-\-d—m 

always equal to — ^t — • 

The magnitude of the eclipse is frequently given in digits, or ISths of the moon's di. 
ameter ; thus in the present case, 12 X 1*720, or 20.6 digits ore eclipsed on the moon's 
southern Umb. 

The ech'pse is said to be on that limb of the moon, which is nearest the centre of 
the shadow at the middle of the eclipse, and ia therefore on the northern or sottthem 
limb, according tmq' jb negative or potitive. 
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BE, the relative orbit of the moon, and through S, RSU at right 
angles to the same, cutting it in M. 

With the semidiameter of the earth's shadow (>) and the ceo- 
tre S, describe the circle ACDF, and with the aame centre, and 
the radii a+d and s—d, cut the relative orbit in the points B, E, 
and B', E'. With the radius d, or the moon's aemidiameter, and 
centres B, B', M, E', E, describe circles, representing the moon, 
at the momenu of the different phaaes. Then, by ascertaining 
the values of XIII XIV, or XIV XV on a scale of equal parts, 
the distances XII B, XIII B', XIV M, XIV E', and XV E, wiU 
show in parts of the value of an hour, how long after 12^, 13S 
&c., respectively, the different phases take place. 

By a scale of equal parts, ^=! will be the magnitude of the 
eclipse. 

To determine what point of the moon's limb, reckoning from 
the north point « around to the right hand, the shadow will first 
touch, measure the arc Af, and add 180° ; this will equal the arc 
i"[9. So for the last contact, the arc ADp'+180°=i'p'. These 
two angles are for the present eclipse, 

A^.tnBN.psiB. 

For First Contact with dark Shadow, 241° 8' 

For Last Contact with dark Shadow, 71° 12' 

If carefully projected on a scale three or four times larger than 
that of the figure, the particulars of a lunar eclipse may be ascer- 
tained with sufficient exactness, since on account of the great 
iniiolinitL'Mi'sJi of the cilgc of the moon's shadow, they arc neces- 
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are but litUe inclined to the ecliptic, are occasionally covered in 
the same manner, but lets frequently than the stars, in proportion 
as they are fewer. The only other body which the moon can 
thus occult is the sun, whose annual path around the sun is the 
ecliptic itself. The two former phenomena are called occulta^ 
turns of a star or planet, the latter an occultation or eclipse of 
the sun. 

Let us regard, for a moment, the zodiac as a wide path around 
the heavens, in which stars of unequal magnitudes are scattered 
here and there, and in which the sun, planets, and moon are 
moving, but the moon nearer and swifter than any of the rest. 
Neither the moon or planets ever retrace the same exact line 
along this path, but in repeated revolutions mark out an endless 
variety of courses, all described within the zodiac. This is the 
reason why no two eclipses or occultations are ever exactly 
alike, for the moon never overtakes any one body on precisely 
the same course in successive revolutions, and the path of con- 
course is so wide that she much more frequently passes by it to 
the one side or the other. 

It is evident from this illustration, that occultations, whether 
of the stars, the planets, or the sun, are all phenomena of the 
same class. The only difference between them is this, that the 
stars have neither sensible diameter, motion, nor parallax, while 
the sun and planets have all these. The calculation of an occul- 
tation, when a star is the body occulted, is of course much the 
simplest, and to this case, then, we will fii'st give our attention ; 
and since the same general rules are applicable to all bodies, it 
will not be difficult afterward to modify our formulae, so that 
they shall include the sun and planets. 

90. The parallax of the moon. 

The lunar parallax is that which renders tne calculation of an 
occultation of the sun or a star more difficult than that of an 
eclipse of the moon. Any considerable change of place on the 
earth's surface always shifts the moon's apparent place in the 
heavens in an opposite direction, on account of the proximity of 
that body. If all the inhabitants in that hemisphere of the earth 
turned towards the moon were looking towards her at the same 
time, the different points to which they would refer her in the 
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heavens would be scattered over a circle about 2' in diameter; 
Suppose the sun or a alar were at that moment situated withia 
this circle ; there would necessarily be an eclipse somewhere os 
the earth. But as the sun is only i° in diameter, it would de^ 
pcnd entirely on the place of the observer whethsr the moolt 
were apparently so situated within this circle of 2° as to cover 
it, either partially or tolally, or to be wholly separated from ibtf 
sun's Hmb. Thus in the last eclipse of Sept. 1838, an observer 
at Wasliington would see the moon almost exactly on the centi4 
of the sun ; north of Washington, at Boston, it would only ob* 
scure his southern limb, while at Charleston, South Carolina, il 
would cover only his northern limb ; still farther south, as at Ri£ 
Janeiro, South America, the moon would be apparently tlirow1i> 
wholly off of the sun to the north. So according as the observer 
wan west or east of Washington, it would eclipse the sun earlier 
or later, because apparently thrown forward or backward in it 
path. 

01. Statement of the principles of calculation of a solar edipm 
Id a lunar eclipse, it will be recollected that the places of the 
earth's shadow and moon in right ascension and declination be^ 
ing given for several instants of time, and the differences b^ 
twccn these being represented \yy p and q, the times of 6rsl and 
last contact were those at which 

X and d being the seraidiametcrs of the moon and shadow. 

Let us transfer our ideas to the small space in the heavens o& 
cupied by the bodies in a solar eclipse or occullation, making tW' 
Bun correspond to the earth's shadow i-e presented in fi 
The case would be precisely the same as in a lunar eclipse,, if the 
moon had no parallax ; and then at the moments of contact, 

D and d being the semidiamctera of the sun and moon. 

And the case will be precisely the same as in a lunar ecItpSBt 
if we calculate the amount of the moon's parallaxes or displace 
ments in right ascension and declination for each of the give! ^^ 
instants, and applying them to her true places, obtain her ai^>a^ 
rent places. If, in our supposed circle of 3°, the limit of I 
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moon's possible displacements, we make — u and — t? equal to the 
displacements in R.A. and Decl. as seen by us, the times of the 
contacts would be when 

J(l>-ti)H((7-t;)* I* = T)+d. 
So that a solar eclipse only differs from a lunar in calculating 
the displacements or parallaxes of the moon in right ascension 
and declination, and so using the differences between her appa^ 
rent places and those of the sun as the sides of a right angled 
triangle, of which the sum of their semidiameters is the hypothe- 
nuse. (See Art 85.) 

92. Parallaxes of the moon in right ascension and declination* 
We wish familiarly to iUustrate to the student the effect which 
the vertical parallax or depression of the moon has in changing 
its right ascension and declination, at different hours of the day. 
Clear ideas on these points will aid him much in understanding 
the more intricate formulae we shall presently have occasion to 
employ. The learner will see, by reference to fig. 21, without 
a minute explanation of its parts, that if HO represent the 
southern horizon, AB the meridian, and IX III XXI the moon's 
diurnal path through the southern sky from her rising to her set- 
ting, the moon will be depressed in the vertical circles by the 
spaces IX 9, YII 7, lY 4, III 3, &c., and less and less as she rises 
in proportion to the sine of her zenith distance, (Olmsted's Astron. 
Art. 83.) Her apparent path will be9743M'21, every where 
below her true one IX YII lY III M XXI. Now, while she is 
rising from the left hand toward the right, on the east side of the 
meridian, the horary circles, or those of right ascension, being per- 
pendicular to her apparent path, as PP', QQ', must slope down- 
wards and to the righl hand. The moon by her vertical de- 
pression will therefore be thrown forward in right ascension by 
the spaces C7, D4, but less and less as she approaches the meri- 
dian, where the parallax in right ascension is nothing at all. On 
the west side of the meridian, on the other hand, we see why, 
for a similar reason, the moon's right ascension is diminished by 
her parallax, and she is thrown backward in her course by the 
spaces El, FM', G 21. 

The moon's parallaxes in declination are the same as the 

12 
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Ijrcadths of the space between her true and apparent diui 
paths, and, unlike the parallaxes in R.A., vary but little tlirougV 
out her course both above and beneath the horizon. The reasov 
is, that while the parallaies in declination 111 3, IE, MF. obvi- 
ously bear a smaller proportion to their respective vertical pui> 
aliases as the moon goes down, the vertical parallaxes themseivey 
grow larger, and thus compensate the effect. In fact, the parv; 
allaxes in declination increase slightly from the meridian to tbt 
horizon in this latitude. 

We see, that the parallaxes in right ascension and declinatioa 
form the two sides of a small right angled triangle of which ihS' 
vertical parallax is the hypothenuse. 

From this slight illustration of the parallaxes, we may already 
draw some obvious and useful conclusions. When the moon ia 
at the east of the meridian, or rising, she is thrown forward 
her course, and consequently an eclipse or occultation occun 
eaiHer than ihe time of true conjunction in right ascensioiL 
And since the eclipse happens earlier in its ascent towards ths 
meridian than it otherwise would have done, it is evident that it 
must happen also at a greater distance from the meridian. 8<\ 
on the other hand, when the moon is leest and declining, an oe> 
cultation always occurs later than the conjunction in R^. ; yet; 
as before, at a greater distance from the meridi 

93. Reduction to the spliere. 

The parallax of the moon is still farther modified by the sphe- 
roidal figure of the earth. The sine of Ihe horizontal parallu 
of Ihe moon is equal to the earth's radius divided by the moon'B 
distance from the earth's centre. But in an oblate spheroid like 
the earth, the radius is not the same in different latitudes, but 
decreases from the equator to the pole ; the sine of the horizontal 
parallax must, of course, decrease in Ihe same ratio. Table VL 
contains Ihe corrections for every degree of latitude, to be s<ib> 
traded from the horizontal eipmlorial parallax, as given 
Nautical Almanac for every 12 hours. 

But the spheroidal figure of the earth affects parallax in slill 
another way. The zenith from which we usually reckon zenith 
distances, is that point where a plumb-line, or a perpendicular to 
the surface of still water, if produced, would cut the sphere of 




cut the sphere of ^| 
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the heayens. Let PSQ (fig. 22.) represent the earth, P and Q 
being the compressed poles, S the place of the spectator, and 
ZSN a perpendicular to the surfieu^ of the spheroid at that point 
The zenith to which parallaxes are referred, is the point where 
the radius OS if produced would cut the celestial sphere, because 
parallaxes are always measured from the moon's true place as 
seen at the centre of the earth. A reduction is therefore neces- 
sary of the true zenith Z to the reduced zenith Z'. The reduced 
zenith is always nearer to the equator than the true zenith, be- 
cause in an ellipse, the angle SOP is always greater than SNP ; 
the reduced latitude is consequently always less than the true lati- 
tude by the angle ZSZ'. 

Table VI. contains the values of ZSZ' for every degree of 
latitude ; by simply subtracting the angle found in the table from 
the known latitude of a place, we obtain its reduced latitude. The 
parallaxes of the moon, calculated with this latitude, will be such 
in direction and amount as if reckoned from the reduced zenith. 

Referring to fig. 22, it is easily seen, that by employing the re- 
duced radius OS, and the reduced zenith Z', or what is the same 
thing, the reduced latitude SOE, we render the parallaxes such 
as they would be in an imaginary sphere described around the 
centre O with the radius OS. Let P'SQ' be such a sphere for 
the place S ; Z' would be the true zenith of S on such a sphere, 
and SOE its true latitude. Such an ideal sphere might be de- 
scribed for every difierent place on the earth's surface, and the 
reduction of parallaxes for any particular place is hence termed 
the Reduction to the Sphere. 

94. Augmentation of the moaiis semidiameter. 

The immersion or emersion of a star takes place when its dis- 
tance from the moon's centre is equal to her semidiameter. But 
this semidiameter is difierent for diflferent places on the earth's 
surface. The earth's centre, as before, is the standard of refer- 
ence. For this point the moon's true semidiameter MOD (fig. 
22.) is calculated in the Nautical Almanac for every 12 hours. 
But the apparent semidiameter M SC for any point S is always 
larger than this when the moon is above the horizon, because 

MS 
MS is then less than MO. Let A =¥|7|9 or the proportion of 
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ihe moon's apparent distance to lier true distance MO taken ta 
unity, and let d and d' be the true and apparent seinidiameters of 
the moon; then OM being unity or radius, sin d = MD; also 
A sin d' = MC ■'. sin (f = A sin d', since MC and MD are radii of 
the aame sphere. The true and ajiparent semidiameter of the 
Bun are exactly the same in all caleulationa, the difference be- 
tween them being imperceptible on account of his great distance. 
The Bemidiameler of Ihe moon is always so small, that no er- 
ror of moment is introduced by supposing sin rf — c/, and sin d'~il\ 
And the same may be said of the parallaxes ; — for instance sin 
I = c nearly, 

flS. Investigation of tJte fomtulcB for calculalinff an occtdtation. 

At this stage, some previous knowledge of Spherical Trigu- 
nomctry will be found of much advantage, and in order to re- 
lieve the memory, and render reference to other text-books need- 
less, one or two equations in common use are here inserted. 

If the tlu^e angles of any sphericaJ triangle be denoted by A, 
B, and C, and the three sides by a, b, and c, we have these equa- 
tions : 

In a triangle right angled at C, 
Formula 1. sin a = sin r sin A. 

In an oblique angled triangle. 

Formula 2. cos « = cos b cos c -I- sin 6 sin c cos A. 

AH the known methods employed by astronomers, in invests 
gating rigorously the theory of occuhations, presume in lh» 
leader a wider range of mathematical acquirement than is usu- 
ally embraced in Ihe course of most American colleges, and are 
too tedious and intricate to be introduced into the body of thi» 
work. It is therefore thought preferable to adopt a formula, 
which has been demonstrated analytically by Prof. Bessel of 
Germany,* and which, it is believed, possesses some advantage! 
over every other ; and assuming it as true, to give such a d» 
monstration or explanation of it by geometrical illustration, 
shall render its several parts clear and intelligible to the generti 
student. Yet, for the benefit of those desirous of a more iho- 

ri^iaally publiBhvd in Schtunnelirt't 
nlo Engliiiii in (he 6Ui iiul SOl V«(- 

I, 18^9 iLQd 1830. ' 
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rough inyestigation, we have thrown into the form of a note at 
the end of the work a demonstration, which, although rigorously 
exact, will be found to require no previous knowledge of Alge- 
braical Geometry, nor any with Spherical Trigonometry, except 
of the few common formulse there assumed as known. 

96. In fig. 23, let £QX be the equator, and P its pole ; and 
let £ be the vernal equinox from which right ascensions are 
reckoned in the direction EQX. Let M be the true place of the 
moon, and S the star to be occulted ; and PMR and PSQ hour 
circles passing through them. Let Z be the reduced zenith, and 
PZT the meridian of the place of observation. 

Also, make QX = 90^, and join PX ; then PQX is a triangle, 
having each side and each angle = 90^, and QX, PQ, PX are the 
arcs of great circles, whose poles are P, X, and Q. 

Produce QP to Y, making PY = SQ, and join XY ; then YSX 
is a triangle of the same kind with PQX. From X and Y draw 
arcs of great circles through Z and M. 

Let EQ =j4= apparent R. A. ) ^ , , , , , 

QS (= P Y) = ^ = " Decl. 1 ^^ ^^^ ^^y occulted. 
ER =a =true R.A. 
RM = 5 = " Decl. 

^ = horizontal parallax 
d = horizontal semidiameter 
ET = fib = sidereal time ) of the place of observa- 
TZ = 9 = reduced latitude i tion. 

Then QR = angle BPM =a-A 
QT = angle CPZ =f*-^ 
The quantity c denotes the parallax of the moon reduced for 
the latitude of the place by Table VL 

We have then at the time of immersion or emersion of a star, 
(I.) sin* d = |cos 6 sin (a— ^)— sin c cos 9 sin (f*— ^)|* 

+ I sin 5 cos ^— cos 6 sin ^ cos («— ^) 

— sin «' jsin 9 cos ^— cos 9 sin ^ cos (f*— ^) { |* 

This is, in effect, the equation demonstrated by Prof. Bessel in 
the Phil. Mag. for 1829, vol. VL p. 338 ; slightly altered in no- 
tation, and cleared of fractional expressions. We shall give an 
approximate demonstration of this formula by a geometrical 
construction. 
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If we take the several parls of this equation, and refer tbem 
to the figure, we shall find 

1. cos A sin (a— ^) = cos RM sin BPM = sin PM sin BPM = 

(Form. 1.) sin BM = cos XM. 

2. cos ip sin {/*— v<) = {for the same reason) cos XZ. 

3. sin i cos J— cos S sin J cos (n— ^) = sin RM coa 

QS-cos RM sin Q8 cos BPM == coa PM cob 
PY+ain PM sin PY cos MPY' = (Form. 2.) cos YM. 

4. sin 9 cos ^— cos 9 sin ^ cos ((*— --*) = {for the same 

reason) «»• YZ. 

Therefore, if we let 

coa XM =p = coa 6 sin (a— ^). 
cos YM =9 = sin i cos ^— cos i sin -a coe («— ^O- 
sin * cos XZ = « = sin * cos ^ sin (t*— -'). 
sin * cos YZ =u =sin f Jain ip cos ^— cos 9 sin ^ cos (fi.—J)\. 
the equation above stated becomes 

(II.) (p_„)H(y-r)« = sin>d. 

If, then, two great circles cut one another at right angles bI 

the point of the star to be occulted, one of them being an 

hour circle, p and q will be the cosines of the arcs joining the 

poles of these two circles with the true place of the moon ; and 

- — and -. — will be the cosines of the arcs ioiniiur these two 
sin r sin « - = 

poles with the reduced zenith of the place. 

97. The small portion BSAM of the heavens, in which the 
moon and star are aituated, may be considered as a plane sur- 
face, and portions of great circles crossing it, as straight lines.f 
Let PS and XS (fig, 24.) be the Iwo circles cutting one anotbw 
at right angles at the place of the star S, of which PK is an 
hour circle ; let M be the true place of the moon, and M' its 
apparent place as depressed in a vertical circle. At the moment 
of immersion or emersion the distance between the siar and the 
apparent place of the moon will be equal to her semidiameter, 

•Thcign is here chanited, because co« MPY= -con BPM. (Soe T.bk I.) 
* In li^. S3, we hiolc un the celestial ephcro rnim an imnginary paint outsidr of it: 
in ligB. 94 and 95, IVoin our real «lation within it. The small ponian BSAM m flf. 
33 ii thercrore refened in a horizontal direclion in fig*. M and ^5. Tlie IMUI H 
pment an ocoultation and eclipn occurring to the weal of Ihe meridiu. 
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or M'S. Draw MB and M T perpendicular to PS, and AM and 
GM' parallel to the same. Then M'S« = (BM-GM)H(BS— 
GM')'. This equation, it will be seen, is much like equation II. 
And since M'S = sin d or <2, if we can show that BM, GM, BS, 
GM' are equal, or very nearly equal to />, k, 9, and t; respective- 
ly, we shall demonstrate equation II, and consequently, its more 
expanded form in equation I, sufficiently for all the purposes 
of illustration. 

(1.) p is equal to BM ; for (see fig. 23.) p = cos XM = sin 
BM (fig. 24.) = BM very nearly, since in an eclipse BM is always 
very small. 

(2.) gr = BS ; since q = cos YM = sin AM = AM = BS. 

(3.) u = GM ; for (see figs. 23 and 24,) MM', or the parallax 
in altitude is equal (Olmsted's Astron. Art. 83,) to sin ir x sin. 
app. zen. dist. ; but the app. zen. dist. of the moon diflfers from 
that of the star by a quantity less than her semidiameter ; there- 
fore MM' = sin «' sin ZM' = sin «' sin ZS very nearly. But 
GM=MM' sin GM'M = sin ^ sin ZS sin PSZ = (Form. 1.) 
sin r sin CZ (see fig. 23,) = sin ir cos XZ. But ti = sin ir cos XZ ; 
therefore u = GM. 

(4.) In the same way it may be shown that t; is equal to GM' ; 
since GM' =MM' cos GM'M = MM' sin ZSX. 

It is easily seen in fig. 24, that the portions of equations I. 
represented by p and 9, express the differences between the star 
and the true place of the moon measured on the circles XS and 
PS ; while the parts represented by the symbols u and t; are 
equal to the parallaxes of the moon on the same circles. Thus 
we find our rough statement of the principles of calculation (see 
Art. 01.) confirmed. 

We have in this demonstration supposed the sines of very 
small arcs equal to the arcs themselves, and have neglected the 
minute augmentation of the moon's semidiameter due to her al- 
titude, (Art. 93.) But in the rigorous solution of the problem, 
(see Note at the end of the volume,) all these have been taken 
into account. It expresses the condition, that the moon, con- 
sidered as a sphere, should have for a tangent the ray proceed- 
ing from a star to the observer, at a given point on the earth, 
considered as a spheroid ; and as no limitation was introduced 
into the analysis, it may be regarded as mathematically accurate 
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And equation II, being identical with equation I, has the sam 
foundation for perfect correctness. 

98. FormiiltBfor a solar eclipse. 

To adapt the foregoing formula to eclipses of the sun, soia 
moditications are necessary. If we take the square root of « 

II, it becomes 

l(p-«)'+fa-»)'!'=«in4 
or since, by Art. 1>3, d — s\nd nearly, 

(III.) i(p-.0'+(«-»)'|' = d. 

The same strict analysis by which the equation for occult) 
tions was obtained, when applied to eclipses of the sun. lead! 
to an extremely intricate equation; from which, however, by 
striking out ihc higher powers of very small arcs, whose omis* 
sion cannot introduce an error of more than one or two tenths 
of a second of space, another equation results of comparativs 
simplicity, and of correctness amply sufficient for all purposOt 
of calculation. It is as follows : 

(IV.) !(/'-«)*+(7— ")'!* =D+.?-D sin » cos i. 

where D denotes the true semidiameter of the sun, 
X *• the sun's true zenith distance, 
and * " the difference of the horizontal parallaxes of 
the moon and sun. 

It is to be remarked thatff and D in equations III and IV, ar* 
to be expressed in parts of radius as unity, and not in secoodl 
of space. 

99. It will be seen that this differs from the formula foroccult*- 
tiona in two points ; ]st, the term t, which enters as an element 
into the values of u and r, and is also contained in the last tena 
of the equation, does not express, as before, the moon's horizonld 
parallax, but the difference between her own and ihc sun's ; and 
2nd, the distance between the two bodies at the moment of con- 
tact, or the sum of their semidiameters is diminished by the term 
D sin * cos ;, 

To explain the reason of these differences, let us have recoiinS:! 
to fig. 23. Let M be the true place of the moon, and S that of^ 
the sun at the moment of first or last contact. The moon, ■> 
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before, is depressed from M to M', in the direction of a vertical 
circle ; the sun also, being about 400 times as far off as the moon, 
is depressed ^^ as much, or from S to S'. The distance S'M' 
then equals the sum of their semidiameters, and S'M'* = M'P+ 
S'F», as before. But MT =BG = MH-(MG-SL) ; and S'F = 
SH- (M'G-S'L). Now SH is the difference of declination be- 
tween the true places of the sun and moon, or q (Art 97), while 
MH =j9, or their difference of place on the circle perpendicu- 
lar to PS. Also M'G— S'L= the difference of parallaxes on 
an hour circle, and MG— SL on the perpendicular circle. 
Therefore that the equation may be of the form (D-fd)* = 
(p— m)H(9-i;)«, which corresponds to S'M'* = {MH-(MG— 
SL) }H { SH - (M'G- S'L) }«,— since p and q are equivalent to MH 
and SH, u and i; should correspond to MG— SL and M'G— S'L ; 
that is, to the differences of parallax on the circles PS and XS. 
And, because the triangles MGM' and SLS' are similar, and the 
sines of the zenith distances of M' and S' are nearly the same, 
therefore these differences have the same ratio to the whole par- 
allaxes of the moon on these circles, as the difference between 
the horizontal parallaxes has to the moon's whole horizontal par- 
allax. Consequently, that u and v may correspond to the differ- 
ences MG— SL and M'G— S'L, the quantity sin «', which enters 
as a factor into their value, must refer to the difference between 
the horizontal parallaxes of the sun and moon. 

Taking the square root of the equation above |(p— ti)'-|- 

(9— v)*P =D+d. The addition of the term — D sin «' cos z in 
eq. IV, depends on the difference between the true and apparent 
semidiameters of the moon, (Art. 93.) A slight consideration 
of fig. 25 shows us, that the sun's true zenith distance (z) never 
differs much in an eclipse from the moon's apparent zenith dis- 
tance; z is therefore nearly equal to Z'SM, (fig. 22,) or the 
moon's app. zen. dist. We have then by Art. 93, 

d' :d::MO:MS:: sin OSM (sin z) : sin MOZ'. 

Let OMS = n ; then since MOZ' = MSZ'-OMS, .-. sin MOZ' = 

sin (z— n) = (Day's Trig. Anal. 208. H.) sin z cos n — cos 2 sin n 
= sin z, — sin c sin z cos z, since cos n == 1, very nearly, and sin n 
= sin r sin z, (Olmsted's Astron. Art. 83.) Then by the pro- 
portion above, we have 

13 
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Bin i— sin It sin z 



= 1— sia * cos z 



Hence we see, that the semidiameter of the moon is always b 
parenlly augmented when above the horizon nearly in the prOita 
portion of 1— sin r cos t : I. 

Now it is manifest, that the distance between the moon's a 
parent place and the star, at the moment we see it occulted, UM 
equal to her apparent semidiametcr. But in eq. Ill, her trotra 
seinid. d was used. In fact, the analysis by which that equalia 
was obtained eliminates the (quantity d' in the process, and Bf> 
troduces d ; and, (since the other parts of the equation are p 
portionabiy diminished,) this change might be expressed in te] 
24 by supposing the scale on which it was projected to have beet I 
reduced in the proportion d' : d. M''hen, therefore, we inlroduMl 
the new quantity D (which represents either the sun's true o 
apparent semidiametcr. Art, 94,) into eq. IV, or fig. 25, the sam 
analysis requires that this also suffer first a similar reduction \a I 

the ratio t;, and the quantity M'S' in fig. 25 becomes equal U I 



d+D^, =<f+D (l-sinir 



i) — rf+D— D sin * cos e, which ili^l 



exactly the second member of eq. IV, 

The fact may be thus expressed, that, to correspond wiih iht 1 
substitution of the true for the avgmenled semidiameler of tl 
moon, the sun's semidiametcr is diminished in the same ratio. 

100. The value of q in Art. 96 may easily be brought into ikM 
form better adapted for calculation. We there obtained, 
sin 6 cos ^—cos & sm td cos (a—-*) =q. 
2 sin^ i (a-^) = I —cos (a— ^) . . . (Day's Trig. Anal. Art. 2ia) I 
Transposing the 1, and muhiplying by cos o sin -^, we have 
—cos 6 sin J+2 cos S sin^ sin*" i (a~^) = —cos i sin J cos («— -*)^.I 
Substituting this value of —cos 6 sin ^ cos (a— A) in the fintf 
equation, 

sin d cos ^— cos S sin ^+2 cos i sin ^ sin' J (■— j*) =f. 
But (Day's Anal. Trig. Art. 208, II.) 

sin S cos i/— cos 6 sin ti =9in (^— ^ 
.-. sin (&—J)-\-2 cos sin ^ sin* i (a—^) =q. 
In formula IV, we have a quantity cos t, which cannot be t»l 
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ken directly from the ephemeris, and it must therefore be brought 
into a different form. For this purpose we have 

cos 2 = cos ZS (fig. 23.) = (Form. 2) cos PZ cos PS + sin PZ 
sin PS cos SPZ = sin TZ sin QS + cos TZ cos QS cos SPZ 
= sin 9 sin ^+cos 9 cos ^ cos (f*— -.^. (G.) 

All our formulae are thus far expressed in parts, of the radius 
of a sphere, whereas it is more convenient that they should be 
expressed in seconds of arc, of which 206264^.8 = radius. We 
will therefore change them so as to answer this purpose. 

/I = sin (a— -^) cos ^. 
Since sin («— ^) is very small, we may substitute the arc, and 

(C.) p = (a— ^) cos ^ ; . . . where a— -r^, are expressed in sec- 
onds instead of parts of the radius. 

Again, . . . 9 = sin (5— ^)+2 cos h sin ^ sin' \ («— ^. 

Here sin (^— «^) and sin i (a— ^) are nearly equal to — j and 

=-^ — i — K and therefore 
rad. 

^ = 7i[d:+2^^«'"^^47id? 
Multiplying, as before, by radius, to reduce from parts of ra- 
dius to seconds, 

(D.) 5^=5—-^+— cos 5 sin -^ (a— ^)' ; . • . where 5—-^, and 
a— ^, are expressed in seconds of arc, and r = 206265". 

In the expressions for u and o, sin ^ = — j- nearly, and multi- 
plying by rad., 

(E.) 11=* cos 9 sin (1*—^). 

(F.) t? =«r {sin 9 cos ^— cos 9 sin ^ cos (1*— ^(. - 

To correspond with these changes, let d and D, in equations 
III and IV, instead of being expressed in parts of radius, be 
converted into seconds of space, and we shall have 

(A.) ICp— «)'+(?— v)*{ =rf» . . . for occultations. 

(^•) I (p— M)H(y— t?)' j*=D+d— D sin«r cos £, ... for eclipses. 

The advantage of this change in the formulae consists in this, 
that the quantities d, D, v', &c., as taken from the Naut. Aim., 
are expressed in minutes and seconds of arc, and not in parts of 
the radius. 



100 



OCCCLTATIO^S AND ECLIPSES OP THE SriT. 



The quantities a—-*, and (*■— -^i must be converted from houT%.l 
minutes, and seconds, into degrees, minutes, and seconds, by J 
multiplying by 15; they will thus be of the same denomiDatioa j 
as the other quantities. ' 

101. In tha above equations (A) and (B), if we consider thit 
p, q, u, V, and cos z are but abbreviated symbols of their valu8|i{ 
in equations (C), (D), (E), (F) and (G), we shall see, thai (hew 
our two principal equations are made up entirely of known quan* 
tities. Most of these quantities, however, are to be taken from 
the Naut. Aim., and are therefore known only, when tlie lima 
for which they are to be computed are given. Now the tiraa 
nf beginning and end of occultation ai-e the very quantities of 
which we are in search, and are, of course, uaktiown. We must 
therefore find them by some method of approximation, or of trial 
and error. 

Let T be the approximate time of greatest obscuration; ank- 
let T-30", T, T+30", in the case of a slar, — and T-I\T, 
T+l^ in the case of the sun, be three Instants chosen for lbs 
computation of the equation (A), or (B). It is evident, that these 
three instants will include, or nearly include, the whole occulta^ 
tion or eclipse. 

But to tind T, or the time of the middle of the eclipse, is ft 
matter of some little difficulty. It is always nearly the same t* 
the time of apparent conjunction in R.A. of the sun and moon. 
In tig. 21, suppose the sun at M' ; (he moon, to be in app. conj, 
with it, must be apparently at M', but truly at M; that is, dafi, 
must have advanced in R.A. by the quantity HM, since the tima 
of true conjunction. The time of app, conj. is therefore latet 
west of the meridian, and earlier east of it, (see Art. 93, ]ait;{ 
paragraph,) than the time of true conj., by the time the moop' 
occupies in describing IIM. | 

The Gr. m. lime of true conj. is easily found, (see our eian^' 
pie. Art. 104.) Suppose New Ilavcn to be the place of obseiv 
vation; convert this Gr. m. time into N. H. sid. time, (by Probi. 
II, An. 79,) and call it p.'. Also let the unknown N. H. sid- time 
of app. conj. be ja". Now HM = (see Art. 87. 3. and iig. 24.) 
u nearly ^ (Art. 99, eq. E,) r cos ip sin (i*"— ^). since IIM is the 
parallax of the moon on the perpendicular circle at the time of 
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app. conj., or p.''. Take from the Naut. Aim. the difference be- 
tween the moon's R.A. at two successive iwurs at the time of 
the eclipse, and that it may correspond with the quantity «r, con- 
vert it from seconds of time to minutes of space by dividing by 
4 ; and call it A. Since the moon's change of R.A. in 1 hour 
equals A, her actual motion at a declination 8, and in a direction 
parallel to the equator, will be (Art. 63.) h cos 6 per hour, and 

^, ^. ^ J M . „TLr HM «r cos 9 sin (i*"— -^) sec 6 

the time of describmg HM = j-^ = = \ . 

'^ h cos c h 

Then since the time of app. conj. differs from that of true conj. 

by the time of describing HM, we have 

(Y.) M- =f*H --T sm (^""A)* 

On the second side of this equation, we find p*", which being 
the object of our search, is of course unknown, and requires 
that the equation, being of a transcendental nature, should be 
solved by successive approximations, as is done in our example, 
Art 104. 

Having found p.", the N. H. sid. time of app. conj., convert it 
into the Gr. m. time of the same event. This will be nearly 
the middle time of occultation, or T ; and subtracting and add- 
ing 30"* or 1*", as the case may be, we have the inftants of time 
required. 

102. Now if we compute equation (A) or (B) for the three in- 
stants thus arbitrarily chosen, we shall find that at none of them 
are the two members of the equation (which we will represent 
by m and n respectively) equal to one another ; for such equality 
takes place only at the two unknown instants of first and last 
contact. The second member, n, being the sum of the semidi- 
ameters of the two bodies, remains nearly constant during an 
eclipse ; but the first member, m, which expresses the apparent 
distance between their centres at the instants for which it is 
computed, is of very rapid change. From a value greatly above 
that of n before the eclipse, it gradually diminishes, becomes 
equal to n at the moment of first contact, and still decreasing, 

* Here tin (ji"^k) becomes negative at the east of the meridian, (because ^*— A is 
in that case between 19^ and 24^, or between ~0^ and ^IS**,) and therefore changes 
of itself the sign of the fraction, to m not to require the double sign after /• 
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reaches a minimuin at the lline of greatest obscuration ; thence 
it increases, and again becomes equal to n at the moment of last 
contact. By considering these circumstances, and noticing 
wheilier at T-SO" and T+30'". (or at T-l"" and T+i^) m is 
greater or less than n, and how much, we can form some 
idea where the times of first and last contacts in an occultation 
or an eclipse occur amidst our three assumed instants, and inieiHj 
polate for ihom accordingly. 

The quantity m is so variable in its rate of change, thai it n 
unsafe to interpolate from three values for any intermediate ones ; 
but p—u, and </—v, which form the sides of a right angled tri- 
angle, of which m is the hypothenuse, are comparatively uniform 
in their change. Therefore, from the three values of/j— k. (rf 
q—v, and of h, which have been computed, interpolate intermfr 
diate values at intervals of 5, 10, or 15 minutes, to such an 
tent as wilt probably include the two required unknown times. 
For example, if at T— 1\ m is a little greater than n, ioterpolaM 
for T-50" and T-40"'. Then if at T-SO™, the excess of 
over n=a, and at T— 40", m is less than n by b, say 

Time of first contact - 

If the time of first contact, as thus obtained, is found to bs 
about T— 43i°', to obtain a somewhat more accurate result, a^ 
lerpoiate again for T— 44% and T— 43", and let the excess and 
defect of m at these instants be a' and b" respectively ; then ws 
have for a second approximation. 

Time of first contact = T-44-+1'" -5^-. 
a +0' 

And this process, in all ordinary cases, will give the times of 
first and last contact with sufficient accuracy, 

103. Sifnopsis of formula for stellar and solar ocadtatioiu. 
We collect our formulm into one general view, for the sake oC'l 
more convenient reference during calculation. 

First, in an occultation, at the moment of immersion or 

Secondly, in an eclipse of the sun or a planet, at (he moment 
of firsl and last contact. 
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(B.) } (p - ti)«+(5r- v)« } * = D+rf- D sin «' cos z. 
The auxiliary quantities are expressed by the following equa- 
tions : 

p = (a— -^) cos 6, 



(C.) 
(D.) 



a = J— ^+--- cos ^ sin ^ (a— ^)*. 
2r 



(E.) ti =«r COS 9 sin (fA— ^). 

(P.) t? = r I sin 9 cos ^— cos 9 sin ^ cos (1*—-^) |. 

(G.) cos z = sin 9 sin ^ + cos 9 cos J cos (f*— -^). 

In these equations, «r always denotes the difference between 
the horizontal parallaxes of the moon and of the body occulted 
at the place of obdervation. 

Finally, to find T, or the middle time for which the equations 
are to be computed, we have 

(Y.) ^"=^'+!L£2Lp£iBin(,*"-^. 



Of the calculcUioTis belonging to Stellar and Sdar Occultations. 

104. Example. Let it be required to find the times of first and 
last contact of the moon and sun in the annular eclipse of Sept. 
18, 1838. 

From the tables of the Nautical Almanac for 1838, we require 
the following data : 

Mean Time, ' 

1938. 

SepL Sun*8RA.=A. Sun's DecL=A. Sun's semid.=D. 



Sun*sRA.=A. 

17*1 OH ll>>38«25*.0e 
*« 42 0.61 
" 45 36.16 



I8U " 
20J " 



(( 



Sun's DecL=A. 

-f 20 20* 14".3 
-HI 56 58 .2 
4-1 33 39 .5 



49 11.751 4-1 10 18 .6 



" 57 .0 
" 57 .3 
" 67.5 



Sid. Time of 
Or. Mean Noon. 

llh 47b 50«.18 



From p. II. of 
the month. 



fi.»«* |Moon*s se- 
®«P*- mid. = <i 

17d 12b 
18 

18 12 

19 



14' 42'».3 
" 41 .5 
" 41 .1 
" 40 .9 



Moons*s eq. 
hor. par. 

53' 57''.7 
" 54 .8 
" 53 .3 
" 52.8 



From p. III. of 
the month. 



SeptlSd 

7ho« 
8b " 

Ob (* 

10b" 
lib" 



Sppt. 18 



Moon's R.A. = a 

llb41»33-.74 
43 17.79 






u 
tt 



45 
46 
48 



1 .79 
45.75 
29.67 



Moon's DecL := 6. 

-f20 5ri4«'.9 
4-" 43 4 .6 
-t-" 28 53 .9 
-h" 14 42 .6 
+" 31 .0 



From pages Y-XII 
of tne month. 



Sun's 



I 



hor. par. From p. 266 immediately 
8''.5 alter the months. 
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The true conj. of the sun and moon in R.A. will plainly be 
about 18" S"", or it little before ; and if we find the sun's It-A. 
for 18^ l"" and 18* S"* respectively, we have 



JMCfi 



Now to find the time of apparent conjunction by Art. 100b 
we have , 



For finding (*" a very rough 
method will answer. Referring 
toeq. Y, Art. 102, 

Tike^'-jl = U' a-t"-!!' 43'" =3' 11>» = 



■ = 53'.9 

FT. = 111' 4S» !■ 



of N. II. 

-111. «- 1T> = 



A = ji'- A, for s fint spproximu- 



], +1M5=I'9' 



<, H. aid. L of true a 



For a second approximatioi^ 



. -l-a,9S7 
+0.152 



Then 



KOT^" 



third trial would main i 
A = 4'' 39°" ; but the second ] 
is always sufficient. 

Then ^"-A being ■1'' 39™, 

32" N. H. Bid. I. of (pp. eoA. \ 

52 Long o( N, H. [ ■ 



As it is more convenient to have the times some aliquot paiCfl 
of an hour, call the middle time cither 18^ O"" 20", or 18* O*" SOtJ 
neither of wliich differs essenlially from the middle of 1 
eclipse. Assuming 9*' 30"°, for greater readiness in making pm 
portions or interpolations, we have for the three times of calcullf ■ 
tion, Sept. 18^, S'' 30", 9'' 30"", and 10'' 30".» 



• Atthoiif-h Ihcsp aiBumed tin 
BTen minutei, or aliquot pirta of an hour, yet ones 
iiuUnts of exHCt reference, and ali compaUtioni 
coadnclod accordinglj. 



be oho«en almoit at pleMure. and loowly in 

determioed upon, ihey Bprre •• 

upon thein miut ba 
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14fc : +215-.54 

For the ran*8 
R.A., by simple 
» we 
30" 
9 30 
10 30 



8k 30" : -|-78».34 

9 30 : 4-85 .32 

10 30 : 4-94.30 

11<>42» 0.82 



proportion* 
kftTe at 8i> 3 



.A=llk43»18*.96 
" 25.94 
*' 34.92 



(4 






24*: -1398».7::8»>30» 
::9 30 
::1030 



Corr> rof Intof^ 

-495».4-My.3 = - yiy.i 

-553 .7+0.3=- 9 13.4 
-611 .9+0 .3 =.-10 11 .6 



For the sun's 
Dec!., by inter- 
polation, we hare at 8* 30" 

9 30 
10 30 



A 

u 
« 



+10 56* 58».2 

-hio 48* 43''.1 
.-!-•* 47 44.8 
;+" 46 46.6 



and so for a and 6, by simply halving the intervals between 8\ 
9^, 10*», and 11\ we have 



At8ii30>> 
9 30 
10 30 


« = 11»>43« 9«.79 
" - " 45 53 .77 
"=" 47 37.71 


i = 


4^35* 59^.3 
-K« 31 48 .3 
+** 7 36 .8 


Again, 


t 




Or. sid. time. 


N. H. sid. time = ^. 




At 8k 30- 
9 30 
10 30 


20k 19m 13a.96 

20 19 23.82 

21 19 33.67 


15k 27» 27».96 

16 27 37.82 

17 27 47.67 




Forth 


e moon's parallax. 




• 


Moon's par. 
at 18*1 Ok. 


At 8k 30" 
9 30 
10 30 


12k s K5.: SkSO-t-l'l 
:: 9 30:-l''.2 
:: 10 30: -1''.3 


53- 54".8 


• 
• 




53'40*.6 
"40.5 
" 40.4 


= 3220<'.6 
-3220.5 
— 3220.4 



«-A = + 52».82 = + 792».4 
" =4-147.83=4-2217.4 
" =4-242.77 = 4-3641.5 



3k44"lK00 = 56O2'4y 

4 44 11 .88 = 71 2 58 

5 '44 12 .75 = 86 3 11 



Corr. Corr. 1^ Soa^ 
for SphenMo. hor. 
Lrtcrp. TiO). VL pw. 

Sysy .7-0^.1 - 4^.5 - 8^.5 = 

" 53.6-0^.1- 4 .5- 8.5 = 

" 53.5-0^.1- 4.5-8 .5 = 



For all three times li = 14' 41''.2» and D = 15^ 57<'.l. 

(Ut.of N.a) 410 18'28^-11'3'' (corr. for spheroid, Tab. VI.) 41* V 25»= f 



Logs, of 



«-At 
sin(^-A) 

COS(/*-A) 
COS^ 

sin A 

COS A 



8k30« 



4-2.89894 4-3. 
4-9.91881 4-9. 
4-0.74705 4-9. 
4-9.99955 4-9. 
4""'4999v I Oi 
4-9.99978+9. 



9k 30" 



34584 

97580 

51 

99963 

49606 

99979 



10k 30" 



4-3.56128 
+9.09897 
.83779 
4-9.99970 
4-8.49213 
+9.99979 



1554-8 



Logs, of 



sm f 
cosf 

w 
sin V 
D 
\_ 

2r 



8k 30" 



4-3.50794 
4-8.19349 



9k 30" 



10k 30" 



+9.81802 
4-9.87007 
4-3.507924-3.50791 
4-8.193484-8.19346 

+2.98096| 

-H.385 



* When the second differences do not exceed 0*.04, or 0^.4, interpolation will not 
add to accuracy, and simple proportion may be emplojred instead. 

t The lo^rarithms of all the faetoni which enter into equations (B), (C)« (D), (E), 
(F), and (G), are here taken at once from the logarithmic tables, and arranged in 
order, so that daring the p ro g re ss of iobaequent calculations, no logarithm need be 
looked out in the tables, but each may be copied at onee firom this abort table in ita 
order. 

14 
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1 »»-. 


9" 30". 


1(»30<. 


i.{.-At 


4-8.89eiH 


+ 3.3UM 

-1-3.99963 


+ 3J6IS8 
+ 9.999TO 


l,.-A)«.J 
leati 


li-791-.6 

-+ i385 
+ 10JMO 
+ 9.S00 
-h 5.797 


+ 3,3«« 

-|-2ai5".5 

+ 1.385 
+ 10.000 
+ 8.i« 

-J- 5.691 


+ 3.M09e 
-t- 3639-0 

+ 4.385 
+ IOJMO 

-t- 8.*9a 
+ 7.iia 


I 


+0'.0 
+ 1=48'«M 


+ 9J711 
-l-ir.4 

+ S°21'*8".3 
+ P47M4".8 


+ 9.1199 
+ 1-.0 

+ 80 7- 36-^ 

+ lo iff i6"e 


J-4 


+i7' iG'.a 


+ 31' 3".5 
+ Sni3".5 


+affiO'j 
+ isso;.s 




4-8836".! 
-t-S.91S3l 


+ a(M3".9 

+3,50798 
+ 9.87«n 

+g.9ra8o 


+ ii5ri 

+ 3.50791 

+ 357697 
+ 9.999!r7 


r.ir 


+ 330873 
-)-901i"* 

+ 3.9(ffM 
+ 9.^1802 
+ 0,991)78 


+ 136069 
+ 1^50798 

+9.8iaoa 

+ 3.^^379 


+ )33SS 

+Mao«a 

+SJ(»™ 

+ »Jll«B 
+ 3.39'j;9 




+ 3.rra7i 

+2117".! 

+ 3.r*79l 
-I-3.H7697 

-1-9.7171)5 


+ 3.3aW3 

+ 3,5(mra 

-(-S.ST697 
-i-S. 43606 
+ 9..MI55 


+ 3.3iiT3 

-+- 3.5n7JI 1 
-(-9.'*76y! 1 

-(-a[M37T3 


»m, p ,il„ Jnn („-A) 


^:':^i-J''"1 


+ 1.39350 


+ 0.7]_1S0 


r, p 

f.tina 


-j--iu7i".3 

+ 2.9SI 
-I-B.133 
+ 9.SI8 


+S0l«".3 

+ a,981 
+ 8.193 

-t-9.ais 

-t- 8.196 


+ 9111".a 
+ B.9>II 
+ 9!ft|'l 


/. p 


~^iv'.3 
+ 2,991 


+ 3.W9 
+ U".3 

+ a,981 

-t- 9:877 
+ 10.000 
+ 9,S1S 


+ 0,(H1 
T-l»'-3 

+ yisT? 

-1- 10,000 




' +e".3 


-f- n.M3 

4 3",7 


+ 9,as9 


V >lli . .'.>. : 


-rfi".6 


+ J",n 1 -ri"-' 
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an aom. 


9k 30«. 


10b aom. 


D 

d 

— Dnn V008S 


-f 957^.1 

-h ssi'ja 


-f 957»'.l 
-4».0 


4- 957".! 
4- SSl^JJ 


D-\-d^DnRxco»z 


4- 183R7 


4-1834^.3 


4-1837"J8 


P 

u 


4- 791''^ 
-[-201««.4 


4-«iy3 

-t-2894»^ 


4-3639^.0 
4-8480^^ 


p-u 


-1220»^ 

4-2836«J8 
i- 8074^.3 


-79^.0 

4-aM3».9 

4-9098^.3 


4-1218^.8 

4- issi^a 

4-2111«'^ 


«-• 


+ 761".9 


-48^.4 


-860^.6 



By rough trial : 



At9>30m. 

( p-tt)t = (i22i'0« = raoo* = 400 

(9- »)« = ( 762» )« = (13')« = 169 



1832^ = 31' = II. 



569 
y5^ = 24'=:fli<m 



At 10^ 30'". 
(«-«)• = (12i90« = (200« = 400 
(9-»)t = ( 861'* )« = (140« = 196 



1837" = 31' = n. 



596 
^/596=:24' = m<ii. 



Interpolating for spaces of 15"* before 8^ 30% and after 10^ 
80": 



jp-ii. 



J-W. 



(jp-ti)«. (9-t))«. 



m—n. 



8»» 0« 
8 15 
8 30 



lOh 30" 

10 45 

11 



1733".2 
1481 .9 
1220 .8 



-hll66''.3 300398-.* 
-t- 964 .2219603-. 
-1-761 .9 



4-1218".8 
-1-1567 .6 
-hl926.2 



860'?.6 
1063 . 
1267 .4) 



148546- . 
91245742-. 



136026- 
92968- 



74063- 
113188- 



436424- 
312590- 



222609- 
358930- . 



2089^.1 
1768.0 



1492^.0 
1894.5 



1830^.5 
1831 .1 



1837''.2 
1838.0 



4-258".6 
-63.1 



4-321 .7 

-345''.2 

4- 56 .5 



-401 .7 



Then -f-32R7:-h 258^.6:: 15" :12« 4». 



&" 12" 4". Gr. Time of first 
cont. at N. H. 
ind — 40i".7 : — 345^.2 : : 15" : 12" 3>. |lO*» 42" 58". Gr. Time of last 

cont. at N. H. 



104. We see at once that this eclipse is of extraordinary 



* The unit's place is omitted in these ■qoares, becaaee the logirithmi do not ftir- 
iiish it readilj, and it adds nothing to accuracy. 



]08 OCCULTATIONH AND ECLIPSKS OF THE BUM. 

length, being no less than 2" 30" in duration at New Haven. 
The reason is, that not only is the true motion of the moon about 
at ita minimum of velocity, but the effect of parallax is to make 
its apparent motion still slower. Instead therefore of 6nding 
the two times of contact a little more accurately by the simple 
repetition indicated in Art. 101, we shall, on account of the pe- 
culiar circumstances of the eclipse, employ a longer method, of 
needless accuracy in ordinary cases ; viz : — 

By proportion from the values of (t*— -*) and J already known, 
find the same for a"- IS"-, S* 13", and 10'' 42"", 10"' 43" ; and fc» 
these times recompute by the formulBE, u, and that part of 
V which depends on cos (ft— -*). Interpolate p, q, the first 
term of v, and n, for the same instants ; and finally recomposing 
{(p— 5')^+ (y—u)*!, ascertain at what two instanta it is e^jual 



I 





8« 12". e« IS". 


lOHS". 


I0»O^ 


,-t 


-|-l=49'0".6 -1- 1" «' 59".6 
51=38-41" 51= 47' 41" 


+ |0 46'89-. 

89= 3'14- 


-|-10 46'a8-.l 
890 18-14" 












Log., of * 1!". 


8»13". 


101 42». 


10"43~. 




■ia 4 +8.M118 

■in(^-A) +9.89381 

CWCH-Al +9.79372 

-t-3.S079S 


+8.50105 
+ 9.B9S31 
+ 9.79133 
+ 3JOT95 


+ 8.490a5 
+ 9.99994 
+ 8.SI780 
+ 3.50791 


+ 8.49088 
+ 9.99997 

+ 8.08454 
+ 3.50791 



Calling the first member of «, v^, and the 2nd, —v^ — then since 
I. « + /. COS ? + /. sin ((*—-*)—/. I/, and /. <* + /. cos f + ^ on 
^ + 1. cos (ii—^) =1. Vf. we have, by taking the logarithms from 
the above table, and the constant logarithms of sin f and cos f 
as before, and adding them : 





61 IS". 


8^13". 


10*4*". 


10'4».. 




i-IB99".9 

-1-1.679T6 

+ 47".S 

+ ill7".l 


+ 3,!fflOa3 
+ 1906".S 

+ 1.67730 

+ 47".6 

+ 4ll7".l 


+ 3.38482 

+a4a5".e 

+0.093fi3 

+aTi7":o 


+ 3.3(H85 
+ Wto".8 

+ 9.96030 

+ 0-.9 
+ 2il7".0 


« = 


-(-2069",3 


+ aU69".5 


+aH5",a 


+ S1I6-.1 



■ The Gomtnon rule for inlcipoliitian 
cnrale, when, u in Uie preaent ecJipw 
e inlerpolalpd for ttnieii much beyond 
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8^12". 


8hl3«. 


ioh4a». 


10^43". 


1> = 


4- 3W".3 
— 153y.6 


4- 388".0 
— 1618^.5 


4-3923^.6 
-t- 1498^.0 


4-3947''.3 


9 = 
?-»= 


4-307^^ 
-t-1004".5 


4-3060^.6 
■± 991''.1 


4-10«".6 
— 1023^^ 


4-1079».4 
-- 1036^.7 


» = 


183R0 


ISSl".© 


1837"^ 


1837W.9 



Then, as before, 



jp-tt. 



q-v. 



(p-u)K (9-«)« 



iii>. 



n. 



m—n. 



» 12m 
8 13 



lOh 4S^ 
10 43 



-1535".6 
- 518 .5 



-f-1498».0 
-t-1521 .5 



-fl004".5 
4- 991 .1 



1023»5 
1036 .7 



235807 -. 100902- 
230584-. 98229- 



224399-. 
231494-. 



104694- 
107475 



336709-. 
328813-. 



329093-. 
338969-. 



1835«.0 
1813 .3 



1814^.1 
1841 .1 



1831^0 
1831 .0 



1837".8 
1837.9 



4- 4".0 
-17.7 



-1-21 .7 

-18».7 

-h 8 .2 



-26.9 



Tb«i -f-21'»,7 : 4- 4».0 : : 1« : 11-.06. 
and — 2e".t : —23^.7 : : 1« : 52».S6. 



8^ 12" IIM =Gr. Time of first 

cont. at N. H. 
10^ 42" 52'.9 = Gr. Time of last 
cont. at N. H. 



S^ 12" 1 IM -4^ 51" 46« = 8^ 20™ 25^.1*... Beginning of eclipse, 

N. H. mean time. 
ltf«42»52".9-4^51»46' = 5*»51» 6*.9 ... End of eclipse, N. H. 

mean time. 



them. ThuB the great length of this eclipee introducet an inaccuracy in theac firwt 
nanltt, not commonly to be apprehended. 

To remedy this defect, without repeating the calculation of all the formake for 
times approximate to those of the contacts, let as examine whence the onequal ya. 
nation of p— u and q^v arises. We at once see, that p and 9, from their very na- 
ture, increase with tolerable regularity, while u and v, expressing the eiiects of par- 
allax, do not. The reason of this is, that u and v depend on Oi— A), which being a 
large arc, and of very different amount at the different times chosen, its sines and 
cosines do not vary at a nearly uniform rate, as the arc itself, and all the other fac- 
tors do. Therefore we need only recompute by the formule the two short terms, 
which contain sin Of a) snd cos (/i— a) » And &U the other terms may be interpola- 
ted from known values without appreciable error. 

* This result differs from that given for the same eclipse at New Haven in the 
American Almanac, 1838, — for two reasons. 1st, In that calculation the semidi- 
ameter of the sun was assumed to be 5^ greater than in the Naut Aim. ; — and 3nd, 
The longitude of New Haven was taken at 4** 51" 51*. Further, the latitude of N. 
H. in this work is assumed greater than that in the Amer. Aim. by 3(y, causing a 
very trifling portion of the diffisrence. The student, by increasing the nomben in 



no 
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105. Fhr Ok time of Grcatpitt Obscuration. 

This usually dilfcrs only by a few minutes from the assumed 
middle time of eclipse, in the present instance 9* 30". There- 
fore, interpolate for an interval of 5" or 10" both before and 
after 9"* 30°, the values of p— m, an<I q^v, and combine as before 
(o form m. The formulee for obtaining a minimum value (Prob- 
lem 111, Art. 80.) will then afford an easy method of finding the 
lime of " shortest distance of centres," which is the same as that 
of greatest obscuration. 



I 



TWe. 


P—- 


q-v. 


m. 


1 i 


flUO- 
»3S- 




- *8'.4 

-U6-.0 


+ 1B1".0 
+ 11B-.3 


-88".3 


-i-UV.9 



Then, Art 80, 

Time of gr. obsc. = 9^ gS" -f I x 5' 
+ 113".9+176".6 _ 

22T'.S 



1.275 



Time of gr. obsc. = 9*" 31° 22* ; and by interpolation from the 
above three values for this time, m — +88",4, or shortest difr 
tance. 

This process is sufficiently accurate for ordinary purposes, and 
even in this case, if the number of digits is all that is required. 
But on account of the rapid change of second differences, let us 
interpolate again for 9'' SO™, S*" SI", and 9^ 32'", and our second 
result will be 

Time of greatest obac, at N. H. =0'" 3J" 36", Gr. m. time. 

g"- 31- 36' - 4^ 51" 46' = 4'' 39™ BO- . . . N. H. mean time cf] 
greatest obscuration. 

84". . . . Nearest approach of centres. This value is not 
error by 0".l. 



column n by 5", and repealing Ihe proportion, totiy obtain rcsulti nhlch diSer 
ihoH i>r tite Amcr. Aim. only by kn amount duo to the diSercncc of 5* 
longilude«. 

The longitude of New Haven by the eclipn of 1838, bj sulwequGnl oeculUtioM, 
■nd by lal« cbronomclhc compariioii nilh New York uul Gieoniricli, u botweon 4^ 
51" 46- and *> 51" 47". 



1 



»ad 

UWll ■ 
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106. For the times of Formation and Rupture of the ring in 
an annular eclipse ; and of Beginning and End of total darkness 
in a total eclipse. 

The equation for internal contact of the sun and moon dif- 
fers from that expressing their external contact only in the sign 
which connects their semidiameters. D (1 — sin «r cos z) and d 
being, as before explained, the semidiameters of the sun and 
moon respectively, as proportioned to the other quantities of the 
formula, the equation of internal contact becomes 

{ {p-^y + (?-«)«}* = D (1-sin «r cos z) ^d. 
When d > D (1 — sin «r cos z), the eclipse is total; when 
d < D (1 — sin «r cos z)f an annular eclipse takes place. 

It is farther evident, that when j(p— ti)' + (?— v)'| (=wi), at 
its minimum value, is greater than D (1 — sin «r cos z) -^ d, neither 
annular nor total eclipse can take place ; when less, either one or 
the other must take place, according as D (1 — sin «r cos 2) is 
greater or less than d. 

In the present example, we have (D— D sin «r cos z) -^cZ as 
follows : 

69".8 

71".9 .-. whence it equals 12". at 9^ 31" 36*; but m 

74".8 ig then at its minimum, and equal to 84''.0. 
The eclipse is therefore neither annular nor total at New Ha- 
ven ; it is, however, very nearly annular, the moon, when near- 
est, overlying the sun's edge by only 12".0. Had the eclipse 
been annular, as the duration of the ring is always very short, 
the two times at which m = (D— D sin «r cos 2) -^d, could have 
been easily obtained from the values of these two quantities on 
this and the preceding page. 

107. For the points of first and last contact. 

Since the moon is altogether invisible before the first contact, 
it is desirable to know at what angle, reckoned from the vertex, 
or from the north point of the sun's limb, to the right hand 
around his circumference, the first indentation will be made upon 
his yet unbroken limb. For it is absolutely necessary to a good 
observation that the observer should know exactly at what point 
to look for the occurrence of an expected contact ; and he may 



8*» 30" 

9*» 80" 

ltf"30- 




lix ibrae phases will be 



at o^ Tihnd. Bnpposc ve bite 
9. '^ ■;. ami r. si the fafxinrmg. middfe, 
au ?m It m ^kwm. S;c -mF ae tkivr nlii» of pt. Damek, 
tP- iP*. OP* ; SBX aUD aine >.>< ^.ukk^j. P*a. P». Pi.'. 
TT:iia m. k . ■ . '*iil k aw :7iiinE» Ji ar^jc^ xiie hkkiq would be 
-««a 3 BW TtK roMtm >kdic x aex iKjbc ^kmdcsks rwpec- 
twmr. >ow TnH ?. P. P* .«c of cie v-xna erf" —a. unKh-. 
■U,?^l'. ?^' ■ an txKV.M ^lia^frnii. >.«.«. as 1^ 
■msA :o 'a* .M .13. ly- ik sierai -nnis id — r. aiii jmn nX. 

r aK ^ara Bf :a OB =-iK :ft«:ain.M, 

X Tiiais ■31- ■ae- zn^ tarcJe .IB, 

> dR*:3uiK m)L n M . aid ■ M . 

t -J? sanOax ;a tawe rer- 

«ui % 7««a :xsb ::ac 'sae fsazai ii-iiivp.«- nf tor BH'iti:<d €:>:;- 

»- ^ MML -.'3 ^aoEiix siriap. ae ttsJrt of 
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afc i2« lOA 


10i> 42- 51*JI. 




— ai8540 
+ 3.00091 


+ 3.18130 
— 3.014BI 


%^i 


+ 10.18449 

56o49'J2 
99o8y.7 


+ 10.16649 

235o4y.4 
884<' a7^4 



108. To project an occuUation or sclar edipse. 

These results may be exhibited to ti^ eye by a projectioor 
analogous to that employed in the case of a lunar eclipse. In 
fig. 26, let AOB and COD, be the circle of declination passing 
through the sun, and a perpendicular to it ; and let p and ji— ti 
be reckoned on CD, to the left hand when negative, to the right 
when positive ;* also let q and 9— v be reckoned on AB, upwards 
or downwards, as the quantities are positive or negative. With 
the radius D (1 — sin «* cos z) from the centre O, describe the 
dotted circle NCC'Z to represent the sun ; and with the radius 
£l+D (1 —sin € cos z), describe ACBD. The moon will of course 
just touch the sun, when her apparent place is any where on the 
circle ABCD. 

Set off OU, OU', OU", equal to the three values of p-u re- 
spectively, and perpendicular to these, UV, U'V, U"V", equal 
to the three values of q—v. Then V, V, V", will represent the 
apparent place of the moon with regard to the sun at the -three 
times chosen. Through V, y^ Y", which are not in the same 
straight line, draw the curve MY Y ' VM" for the moon's apparent 
path, either by the rule for describing an arc of a circle through 
three ]K)ints, or graphically with a rapid, but steady hand. The 
first contact will take place at the moment the moon arrives at 
M, and the last, when it reaches M". Draw the perpendicular 
OM' upon the moon's apparent path ; the moon will then be at 
M' at the moment of greatest obscuration, and the times of 
first contact, greatest obscuration, and last contact, may be ap- 
proximately obtained, as in the case of the moon, by comparing 
the spaces MY, Y'M', Y"M", with the horary spaces Y Y', Y' Y"^— 
noticing, however, that these latter are not quite equal to each 
other. And by describing with radius cf, and centres M, M', M'', 

* The motion of the moon will then be from right hand to left on the peper.or m 
we lee it in the heavene, when mowing from we^ to 

15 
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find for this occullation 13'' 19" =Gr. m. t. of true conj.j 

31'' 38"" 12' = -■* ; and — 10° 51' = ^. From the Or. m. t. of true 
conj., IS' IS", we find by eq. Y, (using logarithnis to two places 
only,) T = 13*" 35°. As a lliird approximation would of couno 
tend to increase this value a little, make T = 13* 40~; thea 
T— SO" = 13'' 10"", and T+30" = 14'' 10"". 

For the sake of brevity, our process in Art, 104 may be ab- 
breviated in the following ways. Perform the computations for 
the two times 13'' iO" and 14'' 10'° only, and employ but threo 
places of logarithms ; take out J, &, ■r, d, to the nearest tenth of 
a minute of space, — a, J, lo the nearest second of time, ai 
II.— -1 to the nearest minute of a degree ; and in doing so, em- 
ploy simple proportion only, interpolation being unneceeeary. 

The computation of the term — cos J sin ^ (a— ^)' may be dis- 
pensed with, and that of the term * sin if cos S need be perfomw 
nd but once, being the same for both timea. With these simpt 
lications, we readily obtain 
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An easy projection will now afford us the approximations of 
which we are in search. With the centre O, (fig. 27,) and rfr 
dius 15.8, describe the circle ACBD, and draw the two co-or& 
nate axes AB, CD. Lei the + and — values of p—u, q—v, &c^ 
be set off in the same directions as in fig. 26.' Set off OU, OU^, 
equal to —9.0, +10.9; and perpendicular to these US, U'SJ 
equal to —20.8, —6.4, respectively. Through S and S' draw 
SE for the apparent path of the star ; of course, I will be iJie 
point of immersion, and E that of emersion, on the moon's linAt 



■ In tLu proJeclioD, far the «ko of oanTenieace, tbo tnooD is tiippoied to be i 
tianary, and the star to more behind it. To correnpond with thit nippoBlian, 
dinciions in which + and — voluee ore laid ofF should be in every waj the nn 
o( thoae in fig. 36. But lince the pnqeclioD ii adaptfd lo Ihe dtnalioa of Ihe bodiM 
as KEc.n in an inverting Icltscapo, the directions of the -)- aiul ~ viJuea, ittmoi 
■ante as in fig. 3G. 

If tha aboTi; projection be >et off on a leale of 10' to the inch, and ftiU taan,ll 
of 5' lo tlia inch, tJie ceaulta ma; be obtained with litUe can, and with ■ufficknl 
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SI 8 8 

Then 13»» 10» -f ^ = IS'^ lO^+l'^x — i- = 13'» 31^5 = Gr. mean 

time of immersion ; and 14*» 10" + ^57 = 14*» 10" -f 1*» x — ^ = 

00 «4.o 

I4I1 23'B.9 = Gr. mean time of emersion. 

Again, find u and v for the times of immersion and emersion, 
as follows : 





u. 


V. 


Oct. 17d 13i> 31«»^ 
14^ 23" .9 


-h 8'.4 
-t-18'.O 


-f 48^.7 
-f 48^.0 



Set off OP, OF equal to +8.4, +18.0 ; and PZ, P'Z' equal to 
+48.7, +48.0 respectively. Then OZ, OZ', will represent the 
directions of a vertical circle, at the times of immersion and 
emersion ; and the vertex of the moon at those instants will be 
the points V and V respectively.* With a protractor measure 
from V and Y' around the moon's limb to the right hand the arcs 
VCI, and V'CE. These will be found equal to 183** and 279°, 
and are the *' angles from moon*s vertex" of the points of disap- 
pearance and reappearance. Collecting these results, we have 

18^ 81-.6— 4^ 51».8 =8»> 39-7 . . . N. H. m. time of Immersion. 
14^ 28".9 -4^ 61-.8 = 9^ 32-.1 . . . N. H. " •* Emersion. 

183® = Angle of point of disappearance from vertex. . 
279*= " ** reappearance " " 

Example 8. Required the approximate New Haven times of 
immersion and emersion^ and the corresponding angles from the 
mooris vertex^ in the occuUation of a Scorpii^ (1 mag.) June 20, 
1842. 

Aoff. from Ttitoi. 

Time of Immersion . . . . 7*» 33". 1 355° 

Time of Emersion 8'* 23'".4 280° 



* Bj holding the diagram lo that OV and OV' shall be •ucccMivcly perpendicular 
to the horizon, the position of the star as rej^ds the moon at the time of immersion 
and emersion is represented. The observer at the telescope therefore, without har- 
inf measured the angles instmmen tally, may from an inspection of the diagram esti- 
mate the places where the star will immerge and emerge. 
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112. The great services which Astronomy has rendered 1 
navigation, consist entirely in enabling the mariner to find an] 
where on the ocean his latitude and longitude from celestial olvJ 
servations. And no less on the main land, the settlement oim 
laliitides and longitudes by astronomical means, in safficient nuin- 1 
bers to determine tiie windings and conformations of coasts, thai 
situation of important places, and the boundary lines of different I 
countries and states, constitute the only immediate application of I 
celestial science to the common wants and demands of civilized f 
life. So one of the first objects of the private observer, Ibs I 
problem to which he naturally turns his earliest attention, as tl 
basis of subsequent researches, is the determination of his ow 
latitude and longitude. 

Of the two, the latitude is much the most easily determined 
since it is reckoned from a fixed circle, the equator, — or in efTec^ I 
from the pole of the heavens, a point fixed in the sphere, and I 
whosepositionrelative to the observer's zenith is readily deiermiD- I 
ed by simple instruments. The longitude, on the other hand, sinoo ] 
no one terrestrial meridian is in any way distinguished from aU 1 
others, must be reckoned from one arbitrarily chosen, whose poa^ f 
lion relative to the observer's meridian is indeterminable by anjf I 
direct method. 



113. Meiboih of finding the Latitude. 

The latitude of a place is equal to the altitude of the pole, Of J 
to the complement of the altitude of the equator at that place, | 
and may be found in many difTerent ways. We shall endeavor I 
to put the student or observer in possession of the principal and 
most useful of these methods, and of the means of reducing the i 
observations. It is to be presumed that at this stage of the wor^ I 
he is well versed in the practice of working out results from I 
algebraic formulte; and we shall therefore frequently omit ei- 
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amples, and thus gain room for a more complete exhibition of 
the subject. 

First method. By €dtitudes of the pole star at any hour of the 
night. — ^With a sextant and artificial horizon, or other suitable 
instrument, take double altitudes of the pole star, and let them 
be included within a space of 10*" or 20" in duration, or be 
divided into sets occupying as short intervals of time. Take the 
mean of these double altitudes, and dividing by 2, correct for re- 
fraction by the usual tables ; also let a mean be taken of the 
times corresponding to the several altitudes. The Naut. Aim. 
for each year contains near the end *' Tables for determining the 
Latitude by Observations of the Pole Star out of the Meridian/' 
and since in the '* Explanation of Articles'' an example is worked 
out in full, it will be unnecessary to introduce one here. (See 
pp. 56a-5, and pp. 602-3, Naut. Aim. for 1839.) 

With an instrument competent to give a distinctly bright 
image of the pole star, this method is probably the best of 
those in common use, since it is practicable at any clear hour 
of the night, and to any degree of repetition of measures ; it is 
also one of the easiest of reduction. 

Second method. By meridian altitudes of the pole star. — The 
true time of the pole star's upper or lower culmination, as indi- 
cated by a good sidereal clock or chronometer, being known, an 
altitude taken at that time will give the latitude at once, aAer 
the usual corrections, by adding or subtracting the polar distance 
of the star, according as it is at its lower or upper culmination. 
A single altitude, however, is seldom satisfactory ; and the pole 
star changes its altitude so slowly, that the mean of observations 
through a space of 15°* on either side of the meridian will not 
give a latitude in error as much as 5'' from this cause, — a degree 
of accuracy usually sufficient for the sextant. If the time of 
observation be confined to 5"* on each side of the meridian, the 
latitude will not be affected to the amount of I". 

114. Third method. By meridian altitudes of the sun or other 
heavenly body. — ^The sun ascends and descends so rapidly, even 
near the meridian, that the mean of two or three altitudes would be 
materially too small. A single altitude may l>e taken, even with- 
out a knowledge of the time, if the observer, as noon approaches, 



ISO MSTHODS OP DBTBBMUnirS 

keeps, for instance, the lower limbs of the two imagss in eud 
contact as they gradually tend to recede from each other, until 
they recede no longer. The half of the reading, corrected for 
seroidiameter, refraction, and parallax, is the true meridian alti- 
tude, whence the httitude is readily found. 

We have, hovever, a ready means of reduction for altitudes 
observed through a considerable interval before and after noon. 
To the local mean times, of observation, reduced from sid. times, 
or taken with a chronometer, apply the "equation of time," (N. 
A., p. 11 of the month,) corresponding to the Gr. m. times of ob- 
servatioQ, and the results will be the local app. sol. times, or hour 
angles of the aun from the meridian, at which the altitudes were 
taken. Now the versed sine of the sun's arc or hour angle, for 
a short period, varies very nearly as the number of seconds of 
his descent Take the mean of the naL versines* of the several 
hour angles from noon ; this mean will bear the same ratio to 
the mean of the corrections of the sun's altitude, as any one of 
the versines to the corresponding correctioiL This ratio is ex- 
pressed by the factor of reduction 

cos 5 cos 41 cosec z coseo l",f 
by which the mean of the versines being multiplied, we obtain 
the mean or final correction of the altitudes. The symbols i, 9, 
and :, signify as usual, the dec!., latitude, and zen. disL of the 
body. 

Ex, 1. It is required to deduce the latitude (^ New Haven 
from the following altitudes of the sun, aitd coiTe-tponding n 
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necessary ; if, however, it should be required, it may be found in 
the N. A., p. II of the month. 



Double 

AMUidMof 

tlM ran. 

143© 37' 13» 
•• 42 15 
" 43 21 
- 42 47 
*« 40 34 
" 32 16 

6) 238^26^ 

2) 1430 39^ 44^ 



Chroo. 
TimM. 


fines. 


oTTime. 


N.H. 

Anmrmt 

Tmm, 


4»»47»50 
-51 42 
"53 35 
•♦56 6 
-58 19 
5 2 52 


— 3« 1. 

-f-0 51 
2 44 
« 15 
7 28 

-f-12 1 


-3«19» 

M M 
tt tt 
U M 
tt M 


-6"20i 
2 28 
-0 35 
-f 1 56 

4 9 
-f8 42 



Son's boor 
angle mere. 



-logy o« 

37 
-0 8 45 
-fO 29 

1 2 15 

-f2 10 30 



oreios. 



382 

58 

3 

36 

164 

720 



6) 1363 



710 49^ 52» . 

-20''. 

-f3^'. 

-f-1' 44" . 



. . App. altitude.* 

. . Corr. for refr. 

. . C<»r. for pw. 

. . Corr. for mean of alta. by 

the above prooeM. 

710 51' 19^ . . . True altitude. 



^ = -f28«10'...ooi. 
f = 410 18' . . . oo«. 

Sss 18® 8'...00MC.t 

cosecl" 



227 

9.96348 

9.87579 

10.50692 

5.31443 



5.66062 
227 (+4 to Index)! 6.35603 

104^ = corr. for 2.01665 
mean of meridian altitudes. 



18° 8' 41" . . . True zen. dist. 
23** fli' 63" . . . Sun's decl. 



41° 18' 34" . . . Latitude of New Haven. 

Fourth method. By double altitudes of the sun or of two stars. — 
By taking two altitudes of the sun at times differing from each 
other an hour or more, both the latitude and the time may be 
determined, without previous knowledge of either. The space 
of time between noon and the observation nearest noon, should 
generally be less than that between the observations. 

Let P (fig. 28,) be the pole, Z the zenith, S the place of the 
sun at the first observation, and S' at the second. Find the app. 
sol. times of the observations as in the last example, and subtract 
the first from the last ; then since the motion of the sun in R.A. 
is the measure of solar time, the difference of these two times 



* These altitudea are too great for the nztant, bat may be taken with a reflecting 
circle, need as a aeztant 

t If the coaee. ia not in the taUea, take the arith. comp. of the line. 

I The niunbera in the column of Terainea, taken from the tablea to 6 plaoea of de- 
cimab, are of coone milliontha of radioa. Since radioa ia anppoaed to be divided 
into 10,000,000,000 parte, if the colnmnar numben are oonaidered aa integen, 4 moit 
be added to the index of the logarithm. 

16 
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equals ihe hour angle SPS'. The sun's Decls. being laken out 
for each of the limes, PS and PS', iheir complementa, are also 
known. ZS and ZS' likewise, are ihe complements of the cor- 
rected altitudes. Therefore, in ihe triangle SPS', having L SPS' 
and the adjacent sides given, we may find first C PS'S, and then 
the side SS'. Again, in iho triangle 8ZS', with the three sides, 
we obtain ^ZS'S, and subtracting from this -dPS'S. we have 
L PS'Z. Lastly, in the triangle PZS', with the L PS'Z, and the 
adjacent sides, we may find PZ, which is the complement of the 
latitude. 

Let h and i' be the Decls. of the sun at S and S', % and ;' the 
zen. distances ZS and ZS' ; also let the hour angle SPS' =A, 
iPS'S^B, Z.ZS'S = ^, SS'=(r, and the latitude =9. Then 
the formulte necessary for the work will be as follows : 
1. tan X* =cotan cS cos A.-f 
a. tan a =cosec 1 90° - (^+<i') i tan A sin x. 

3. sin « =cosec a sin /t cos h. 

4. y = i (=-N'+^). ^^ 

5. cos i 3 = v^sin y sin (y ■* ;) cosec 2' cosec ff. 

6. tan V = cotan h' cos (,3 -. a). 

7. sin [pj = sec v co3 (i' - v) sin 5 
Single altitudes of two bodies are equivalent to double alti- 1 

ludes of a single body, separated by a considerable interval of J 
time ; the sun and moon may be employed in Ihe day time, and I 
any two bright stars near the equator, and ditfcring l*" or more in 1 

> X is Uko or unlike 90°- J, u A ii > m < tbui 90° ; and ■ U like a 
0* X >> > or < than 9I)°-J. AgBin, v ii Uke or uiiliko 9(P- J, and f u tike 
like I T, according a* 3 * a i« > or < than 90°. 

t Rtmatki on the Formula. —TiKSC arc all from Hnlloti'i TabFei^ LoniJDn ( 
1834. For No*. land 3, Me piga ilii oT lntn>daction. cue 3, firal fomote ; Ko.% I 
page xKii, caae <i, first fDrmuU; No. 5, page ilii, ea*e 1, la>l tanualt; TJoa. G and1( f 
page ilii, case 3, nearly tlie last formuliB. Tlie only change* in oar (onoultt 
easily recognized \ for inalancc, in llic Ttli, (making a' = pol. di*t PS, or compleo 
of i'.) — the proportion of llutlon, page ilii, case 3, . . . co« v : cos {«' -^ r) ; : c« a' : 
(90=-,) (™ PZ) giTCH bj mulUplicalion, ™ (9(l»-f) = - 
coa [9I)°~^) and eoa A' are equal to lin ^ and ain f, and ooa ■ 
Ihc danominalnr, bj inB«*iii(( itg rpcipmcal, »ec a, in 
Cornell identical witb our formnla Tlh. 

t For a rfiorier proem of finding ^.— aubrtitnto the rule L p. Ix, Hntlati, Ibt (» I 
mule Gth and TUi. 
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R.A., are suitable objects for night observation. The sid. time 
elapsed between the two observations must be added to or sub- 
tracted from the diff. of the R.A.'s of the two stars, according 
as the star of greatest or least R.A. was the first in order of ob- 
servation. The sum or difference will be the hour angle A, and 
the process of reduction will be the same as before by the above 
formulae. 

As we have in this chapter considered altitudes as taken by 
unfixed instruments, such as the sextant, and its different modifi- 
cations of reflecting and repeating circles, we shall depart so far 
from the subject of the chapter, as to give the observer a formula, 
by which he may determine his time from a single altitude, the 
latitude being known. In the triangle PZS, (fig. 28,) the three 
sides are known, and to find the hour angle ZPS = A, we have 
the formulae, 

sin i A = ^/ sin i («+(9— ^ sin i («"-(9— ^ sec p sec 6* 
R. A. of sun or star + Af ^ ^^^* ^i™^ ^^ observation. 

115. Methods of finding the Longitude. 

The principles of several ways of determining the longitude 
are illustrated in Olmsted's Astronomy, Arts. 272-278, so as to 
need little general explanation here. We will classify the nu- 
merous methods as follows : 

1st. Such as show the difference of local times between any 
two places, by an event occurring at the same instant of absohite 
time to both. 

Of this class are lunar eclipses^ which, however, are uncer- 
tain to many seconds, by reason of great indefiniteness in the 
earth's shadow. ^Also the eclipses of Jupiter^s satellites ; but 
these also give a longitude uncertain to many seconds, because 
the satellites are bodies of condiderable size, and disappear and 
reappear gradually. Yet from the frequency of these eclipses, 
observations may be multiplied to such an extent, as to give a 
tolerably accurate result The Naut. Almanac, at p. XX of each 

• Baily*8 Ast Tablet and FonnabB, Foim. XV, p. 89. Hiitton*8 TahiM, |». xUI, 
case I, fint fonnula. 

f hiM alwajs reckoned by boun, in the diraotion of the apparent rarolutioii of the 
heaTena, and ranges from 0^ toXII^ on the west nde of the meridian, and ftom XIP 
to XXlVi> or Oi* on the eairt. 
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month, furnishes a liiit of Greenwich immersions and emermoim 
to which ready reference may be made by the observer. 

Belonging to this class are coincident observations, at different 
places, on meteors, tfie explosion of rockets, the altemale appear- 
ance and disappearance of strong intemtilUd tights, &c. These 
are almost instantaneous oecurrencee, and hence longitudes may 
be obtained from them to a higher degree of accuracy than by 
any other method. The application of these contrivances is, 
however, restricted, of course, to small dilTerences of place. 

The method by chronometers indirectly belongs to this classy 
since the arrival of the pointers of a Greenwich chronometer to 
O* O" 0" at New Haven marks the occurrence of Greenwich 
mean noon at that instant, and the local time of New Haven c«B 
be noted at the same instant of absolute time. This method it 
susceptible of much greater accuracy than those of eclipses of 
the moon and of Jupiter's satellites, especially for short dis- 
tances of tranaportalion.* (See further, Olmsted's Astronomy, 
Arl. 174.) 

116. 2nd. Such as show the difference of local times between 
the places, by corresponding observations on a phenomenon not 
happening at exactly the same instant of absolute time to bothj 
but at instants differing by an amount calculable from known 
data. 

Occuhations of stars and planets, and eclipses of the sun, are of 
this description. The immersion or emersion of a star may oc- 
cur at instants of absolute time differing by two or more houn 
at two places, because the parallax of the moon displaces her dif- 
ferently for different observers ; but, by the exact calculation and 
application of those displacements, an observation at any one 
place may be reduced to such as it would be at the centre of ths 
earth, and it may then be compared with an observation at any 
other place, which has been reduced in a similar manner. 



of loagilude bcLwccn si 
nomelera. Tho lint thi 
^luda oT New York. ■ 
liista well settled. 



Iheir npid pa wag f fion 
el operimcnta on delcmtiniag difleiencti 
I oil Uio two oonlinenta, liy llie tnni>)Kiitition of chl»- 
fdui BltemplB have been raj auecegafal, and the too- 
icidciitallr that of New Haven, Item Graenwiefa, hM 
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The problem of finding the longitude from an observed stellar 
or solar occultation, is nearly the reverse of that for finding the 
times of an occultation, at a place of known longitude. Sup- 
pose, for example, we take the observed time of immersion 
of 6 Capricorni, as reduced to true sidereal time on page 69, 
Art. 76. The corresponding instant of mean time, when reduced 
to Greenwich mean time, by applying the assumed difference of 
longitude of New Haven, (4*^ 51" 46'), in case the assumed lon- 
gitude is incorrect^ will 710^ be the true Greenwich mean time of 
immersion, but will be in error to the same amount as the as- 
sumed longitude. Now if we calculate equation (A), Art. 103, 
for this erroneous Gr. time, a time not exactly agreeing with that 
of the observed immersion, it is evident from the^ conditions of 
the equation that the two members cannot be quite equal to one 
another ; and from the calculated difference between them, we in- 
tend to deduce the unknown error of the assumed longitude. Let 
us examine what parts of (A.) will be affected by the error. In 
the first place, the true local sid. time of immersion (f*) is furnish- 
ed at once by observation, and requires scarcely an approi^imate 
knowledge of the longitude. Now the terms u and v, as will be 
seen by their expanded values, depend on the quantity f*, and .on 
others either unchanging, or changing imperceptibly in a very 
short interval of time ; and therefore a small error in the as- 
sumed longitude does not affect them. But a and S are of rapid 
change, and, if taken out for a slightly erroneous Gr. time, ren- 
der the differences a~y#, ^— ^, and consequently the terms/? and 
q incorrect. If, therefore, we find for the assumed Gr. m. time 
of immersion, . . . (/>— 1/)' -|- (j— v)*— d* = 2 E, the above remark 
renders it evident that the terms u and v are the correct values 
belonging to the instant of immersion, while p and q are values 
corresponding to a time as many seconds before or after the in- 
^stant of immersion, as the assumed longitude is in error. 

Let t be the true mean time of the observation at New Haven, 
/ the assumed longitude, and Z + x the true unknown longitude ; 
a: to be expressed in parts of an hour. Also let p' and (/ be the 
hourly variations of p and q. After calculating 2 E from the 
equation in the last paragraph, we may find x by the formula, 

E 



x= — 



(p-u) p' + {q-v) q*' 



f 
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This equation would show the exact correction of the asstnmd' 
longitude, if we could rely on the perfect accuracy of the NauU' 
Atnianac. But as we have already remarked in Art. 101), the cal- 
culated place of the moon is liable to differ a little from the gb- 
served place. The errors of a and S, affect those of p and q^ 
and thus vitiate the result. If c is the minute fraction of an 
hour, by which the immersion, for instance, is delayed beyond 
the calculated time, on account of the errors of the tabultf, 
values of a and i, then 



B similir 



Now, if the occultatiun is observed any where else, 
equation maybe formed for the second station, and since r it 
constant at least for a few hour?, we can eliminate it by subtriD- 
tion, and obtain the true difference of longitude between the two 
places. 

1 17. Calculation of the longitude from an observed ocntltation. 

Es. 2. Assuming Ihe longitude of Philadelphia to be Sh 0™ 42", 
and thai of New Haven 4'" SI" 46*, it is required to deduct the 
difference of longitude between these places from the following 



nding lo Ihiii time, a and o 



il of in 



p, Bnd J, be the unknown values an a waring tolho lime t+ 1 + j; then p,^}i and ;,— f fl 
«re Ibe mriiitioniof ;> and J lor Uie fraclion of BD boor j; uidau 
are praportioned lo t)ie time oS change, 



(1-) 



Again, ahice p„ q„ «. t 



V vsloes belongini 



igmg I 



.' + ' + ', 



(p-U)'-+{q-t)>~dl=aE. 

Subln>ctin|r the lowei fram the upper, 

Cft-P) (P- + P-a") + (?,-?) tSi + J-So) = 
Or aiacf in this difl<srenlial equaUon, p,-i-p, when x a mu 
to Up, and j, + ; (o 3g, 

(p-u) Cp,-p) + (9-B) (j,-i) = -E, 
Dividing by eq. (1.), 



(P-»)f + (?-»)»'* 
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corresponding observationi on the immersion of 6 Capricomtf OcL 
17, 1839. 

Imm. at Phil. 22^ 11- 37-.68 . . . PAi7. 

sid, time* 
"* N.H.. (See Art. 76, ;y. 65-9,) . . 22 23 37 .21 ..N.H. 

std. time. 
It 18 evident at once that ft = 22^ 11» 37'.68 for Philadelphia, 
and 22^ 23" 37*.21 for New Haven. Adding to each of these 
the respective longitude of the two places, as assumed above, 
and converting from Gr. sid. to Gr. m. time, we have 

Assumed Gr. m. time of immersion, \ ^^^ ^®" ^^-^^ '"^f^^ ^*^?: 

^{13 31 66.63... for N.H. 

Calculating for these times equations (C), (D.), (E.) and (F.) 

in Art. 103, we have, 





Or. m. time qfcale. 


P- 


V. 


F-«- 


9- 


V. 


9-«. 


ForPhil. 
" N.H. 


13h »« 53\50 
13 31 56 .&3 


-1-31 IM 

-H06 .6 


4-514 .2 


- 76^.2 
-106.61 


4-1945^.2 
-fl966 .6 


--2924 .8 


-942^.2 
-938 .2 



Here in the progress of 3°* 3'.03, p undergoes a variation of 
+94".6, and q of 41 ".4 ; therefore, their hourly variations (which, 
for the determination of a few seconds of change, may be safely 
deduced in this rude way,) are as follows: p' = + 1868''.7 ; 
j' = -f 814".3. Then, 

For Phil. (j[>-ii)«+(9-t?)«-rf« = 2E = -1748" .-. E=- 874". 
For N. H. ** = 2E = -3260" .-. E=— 1626". 

Again we have 

E 



For Phil. - 



= ar + c=— 3*.46. 



(P'-u)p' + (q-v)q' 
For N. H. « = X + c = -6'.06. 

Giving the N. H. quantities an accent, to distinguish them from 
those obtained for Philadelphia, 

/ + X + c = 6*» 0" 42«— 3«.46 = 5'* 0" 38-.64. 
Z'+x'-fe =4 61 46-6.06 = 461 39.94. 

Since e is the same in both, we obtain by subtraction, 

(Z'+ xO-(/ + x) = -8- 68*.60 . . . True diff. of longi- 
tude of N. H. from Phil. 

If the longitude of Philadelphia is well determined in com- 
parison with that of New Haven, and may be considered for our 
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purpose as needing no correction, then, making x = 0, 
e = —3.46, and by aubslitulion 

/'+j:'=4'' SI" 43*.-10 . . . True longitude of New Haven. 

118. 3rd. We bring under a third class such methods of find- 
ing the difference of longitude, as depend on the measurement 
of the moon's angular motion in the interval betv^een two iix 
slants of time ; the two observed instants being in the local timet 
of the two places respectively. 

The solution of these methods depends on this simple prind- 
pic, — that as we can calculate the hourly motions of the mooB 
for any given time in given directions, we can readily deduce 
the absolute time of her describing any known and measured ar& 
But the absolute time elapsing between any two instants, es- 
pressed in the local limes of the two places, is all that is nece^ 
sary to determine their difference of longitude. 

The method of lunar ilislances, and that of moon-culminalii^ 
stars belong to this class. The mode of taking the distance of 
the moon from a star or the sun by the sextant, has been e& 
plained in the chapter on that instrument. Art. 43. Such an ob- 
servation gives the distance from the apparent edge of the moon 
to the app, place of the star, — whereas the distance beiweeo 
their true places is wanted. Preliminary to the formuliD for iA- 
laining the true distance, the app. alts, or zen. distances of iM 
bodies must be reduced from the true ones, and the observes 
angle must be corrected for the moon's augmented semidiameter 
For the true altitude — of the moon, for instance, take out 
that body a and a from the Naut. Aim.; then (i- (the aid. lime of' 
the observation) — a =A, the hour angle of the moon from tb»' 
meridian. In the triangle PZS, (fig. 28,) we have ZI'S =A, and' 
the adjacent sides are the complement of 9 and ^; the formula^ 
of course, are like Nob. 6 and 7, in the " Fourth method of fintf 
ing the latitude." 

tan X — colan <p cos A. 

cos I = sec X cos j 90° * (j-H) \ sin (?. 

The true is now to be converted into the app, zen. dist, bf 
applying the parallax and refraction. Call the moon's par. in 
alt. n, and finding the reduced horizontal parallax <r, as in the 
chapter '* on Occultations," &c., make 
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1st approx. of parallax = «* sin. 2. 
Then n =«' sin (« + Ist approx. of parallax). 
And so for the sun or a star, except that only one approxima- 
tion of parallax is needed for the former, and none for the latter. 
The next step is to apply the moon's augmented semidiameter 
to the observed angle. Calling the true semid. d^ the aug- 
mented semid. = 4 = d sin fe+n) cosec z. If the sun 

sm 2 ^ ' 

is one of the bodies observed, the semidiameter of that body 
also is to be added to the observed angle to obtain the app. dist. 
of centres. Call the app. and true altitudes of the moon A and 
A' ; the same quantities for the sun or star a and a* ; and the 
app. and true distances between the bodies A and A'. We are 
now prepared to find A * by the following formulae : 

x = i (A+A+a). 

(cos X COS (jp— A ) cos A' cos a' sec A sec 
^ cos i (A'+a') 

sin i A'=co8 i (A'+a') cos y. 

We have now the angular distance as it would appear at the 
centre of the earth at the local time of observation. The Naut. 
Aim. gives this distance for intcrvab of three hours of Gr. time, 
and we may find at what moment of Gr. time the true central 
distance was the same as the calculated, by interpolating between 
these values. And having both the Gr. and local time^ at which 
the moon was at a certain true central distance from a star, the 
longitude is at once determinable. 

The method of moon-culminating stars consists in measuring 
by the transit instrument the arc of R.A. described by the moon 
in passing from the Greenwich to another meridian. Let /, as 
before, be the assumed longitude of New Haven, or any other 
place, and l-hx the true longitude to be determined. Let a and 
a' be the true R.A.'s of the moon at the moments of its passing 
the Gr. and N. H. meridians respectively. These will be the 
sidereal times of her transit at those places, because on the me- 
ridian the depression of parallax does not affect her right ascen- 

* The demomtration of these fonnole bein^ omitted for want of space, the rt^adi r 
maybe referred for aathority to **Bafl7*a Tables aud Formule,** Form. XLVIII. 
p. 1^1. 

17 



sioo. Id the Nant. AIol, imder the bead of ** Hoon-Culminaiing 
Stan," are giTeo for ever)' day id tbe year, the moon's R.A^ aod 
" var. for I boar of loDgitude," both at ber upper or vuible, and 
lower or tDvuible paBssge, acron the ineridiaD of Greenwich. 
Theae quantities bdng thus calculated for every 12 hours of Ion- 
/ritade, we caD iDterpc^te their Taluea for any iDtermediate lon- 
gitude, in the same way as we iuterpc^te between equal intervals 
of time. ^Dd therefore by interpolation the moon's R.A., and 
Tar. of R.A. io 1 boor of long., for the assumed longitude /, and 
call them «" and s"'. Now a*, the sid. time of the moon's tran- 
sit at N. H., is of coarse her R.A. for the true longitude i+r; 
and consequently a!— a" is the iaa-eate of the moon's R.A. for 
the small space of longitude x, immediately after passing the me- 
ridian /. Then «"' (the increase for 1 hour of longitude at the 
meridian Q : a'— a" : : 1^ of longitude : x ; and we have x in parts 
of an hour of longitude by the following equation : 



118. Calculation of the longitude from an observed moon<ul- 
minalion. 

Ex.3. The asmmed longitude of New Haven being 4^ 51' 4P, 
it is required to deduce the true longitude from the observed me- 
ridian passage of the moon at New Haven on the nth of Oct. 
1839, as gitxn in the transit observations of that evening, (Art. 



find among the equations for stars in the column cqs. I, 
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Sl^ 24". The moon crosses the N. H. meridian about 12" af- 
ter this, and therefore by the exam, on p. 69, a correction of 
0'.08 must be added to -f 5d'.12, making it +5d*.20. The differ- 
ence between this correction by the moon-culminating stars, and 
the erroneous correction caused by the advance of the moon in 
R.A., is of course the moon's true increase of R.A. in her pas- 
sage between the two meridians=a' — a = +10" 60*.71. We 
are now to interpolate from the Naut. Aim. for the quantity o!\ 
and to do this with sufficient accuracy, we must calculate the for- 
mula on p. 72, as far as the 3rd or 4th term : 



Oct. 1839. 


a. 


■ df. 


«r. 


<r. 


17i» 0« 
« 12 

18 
•i 12 


21h 26" 1-.66 

*« 51 42.36 

22 18 8.58 

•• 44 26.93 


-h26«40-.70 
-h " 18.35 


~14«.48 

— ijsn 


H-6«.61 



4i>51"46> 
l = — ^jj^=Od.405«. 

<r= 160(y.7; <f»=-14«.48; <r=H-6".6L 



21k 25» K66r=a. 
H-10 48.65 = -hf«. 



-fl .75 = ^dn 

-h.43 = +<f^ 



1-1 

"2"' 

1-1 



1-2 



21h 35» 52>.49 

•f 10 50.83 
4-10 50.71 






- 0^.12 = «' -«^. 

For o!", from the values 134M5, 132".71, 131".76, and their 

differonces,— we have 184M5 - 0-.68 - 0-.08 = ISS'.SO = a"'. 

Then 

a'-a" —0.12 



./// 



= —0^.000899 = -3".24 = x. 



a 133.50 

/+ ar = 4>» 61" 40'— 3*.24 = 4>» 51" 42'.76 . . . Longitude of N. H. 

If by a similar observation at Greenwich, or other foreign 

observatory, the R. A. of the moon in the Naut. Aim. is found to 

be too great by the quantity a„ the equation becomes 

«'—«"-!- a, 
* + C= -iTi • 
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One peculiarity of Ihe methods belonging to ihis class is, — thrt 
an error in the measurement will produce one between 20 and 30 
times as great in the longitude. Thus, an error in observing the 
transit of the moon of only 1' at cither station, would make a 
difierenccj on the average, of more than 26" ; and an observer 
who takes a lunar distance 10" too small, makes a diSercnce in 
his longitude of about 18" of time. The reason of this is, that th« 
moon's monthly motion is measured by means of sidereal time, 
whose rate of revolution is nearly 27 times more swif\. But 
where a distinct phenomenon is observed, as in all the methods 
under the first two classes, no such multiplication of error can 
take place. 

119. We have now arrived at the conclusion of our work. — 
and with this partial review of the terrestrial contrivances and 
means by which astronomers have acquired their knowledge of 
the celestial bodies, we shall turn with increased pleasure to the 
consideration of the results of their labors, which constitute the 
departments of descriptive and physical astronomy. The stu- 
dent would regard, for example, with none the less interest the 
return of the long expected comet, and the exact verification of 
the calculations of mathematicians, because he was acquainted 
with the means by which the observer tracked the body in its 
passage through the heavens, and with his diminutive, but re- 
fined apparatus, recorded unerringly the data from which the 
physical astronomer should predict, without hazard of failure, 
the exact positions which it should in future assume. Nor will 
an eclipse be viewed with less pleasure and satisfaction, after he 
has become able to foretell its time and aspect. And all the data 
of astronomy, in their immensity of extent, — its processes, and 
magnificent conclusions, will now seem to him far more stable 
and secure, for he has derived confidence from penetrating to 
the very basis of the science, from reviewing the delicate re- 
sources of the observer in his instruments, and the processes of 
observation, until he has arrived at valuable measurements and 
primitive data. 

The observer, too, who has the means of deriving resulu of 
his own from the heavens, needs no stimulus to prosecute a 
study, which few, who thoroughly engage in it, will easily re- 
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linquish. Every failure of agreement in his conclusions will 
but urge him patiently to soTve the difficulty ; every instance of 
success will inspire him with fresh ardor and enterprise : and he 
will find no pursuit more constantly beckoning him forward to 
what lies beyond him, more absorbing in its prosecution, more 
elevating to the mind, or impressing him with a deeper sense of 
the power and wisdom of the Creator 



NOTE TO ART. 95. 
Bdr^ a simple Oeomdrical and Algebraic demonstration cf Ote Fdmiuta fi 





» commoD elemenlsry work unil Leit-boak. 


In > inoogle ABC lighl w.gkd bI C. 


Fonnukl. cw c = n» a cw 5. 


(Sep Voung'8 Sphec. Trig.. Art. SZ, eq, 3 ot hg 


In an ohliqae angled tniuigle, 


Pomulaa. einiii>iDB = tiiii>in A. 


(For . . . (Y. 8. T., Art. 52, eq. 1.) ^ - ^ 


lave fomuli 2.1 


Fomiils 3. BD c co> A = rot a >in 6 - tii 


{For . . . lY. S. T, Art. 48. eq. 1.) ™ sin 6 



r alult inUDducv three IbrmulK nmoarr id ibafl 



i and clauiog oT fractnoi, « 



Let O (fig. 39.) b« the centre of the earth, S the plate of a ipeelalor on it* 
M the pociuon of the moon io tpace. Suppote with the centra O and ndi» 09^ft.< 
■pheriul sarfnce to be dewrribod. in which let ui lake X, Y, Z, any paint* 90 
from each other, and join them by the quadmntel iirr« XY, YZ. ZX ; join alKi 
OZ. OM. and produce OS to meet the iphere in A ; A niU th«n repreeent on il 
the geocrntric zenidi of tlie spectator, and M tlie true place of Ihe nuxHi. Tt 
draw OU' parallei to Sf/l, and romplele (he puallelogrem OSMN ; then lince i 
sppsrem directign uf tbe moon from the ipcclator, the ob>rrver will refer ihenraonon M 
inlinila iphere to a point conciponding lo M'. in the tame direction fh>ni the cenm ot lb* 
earth that M i> from 8. M' therefor? repregenU the apparml place of the nuon on Ihe 
■phere. We have then three plaona, XOY, VOZ, ZOX, ai right angle* lo each other, and 
In which we can refer Ihe poinU M, 8. and N. 

From M, S, and N. draw MD, SB. and NC perpendicular lo OX j then will OC 
For it we luppoae three plonai. P. P*. P', pairing through the poinU M, S. and N, p 
Id YOZ. and rutting OX at right angle*.— MD, SB. and NC will lie in thoM plan 
cauae lliey are at right anglea lo OX ; Ihe planea will therefore cut OX in the 
D, B, and C reipecuvely, and DB will be Ihe perpendicular dialance between Ihe 
PandP. and CO between the planci P" and YOZ. But SM unite* Ihe plana* P and Pt I 
and ON the plane* P" and YOZ, and theie line*, being parallel, hare Die nme i 
tion to their respective plane* ; if thi* angli. of inclinalioD he called <. the perpen 
dialance belween P and P (DBl = SM »in i. and that between P" and VOZ [OC) 
■in I. But SM and ON are equal ; therefore OC = DB. 

Since OCN. OBS, and ODM are right onglea, OC = ON co« CON = ON Co 
OB = OS cos XA ; and OD = OM cob XM. But OD = OB+BD = OB+OC, lad 
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therefore 



OM CO. XM = O 



Bj referring S, H, and N, to the plane Z 
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have already referred them to YOZ by meant of the Ime OX, we shall obtain the nmi- 
lar equation 

IL OM cot YM = OS coe YA-hSM coe YM'. 

And referring them to the plane XOY by the line OZ, 

m. OM coe ZM = OS coe ZA + SM cos ZM'. 

Now in the right angled triangle YHM, we have (formula 1.), coe YM = cos HM cos 
YH. For the same reason, cos YA = cos I A cos YI ; and cos YM' =s cos GM' cos YG. 

Again, by the same formula, cos ZM = cos HM cos ZH = cos HM sin YH ; so cos 
Z A = cos I A sin YI, and cos ZM' = cos GM' sin YG. 

Substituting these values in the two last equations, — equations (I.), (11.) and (DDL), after 
transposition, become as follows : 

(1.) SM sin GM' = OM sin HM - OS sin lA 

(2.) SM cos GM' cos YG = OM cos HM cos YH - OS cos lA cos YL 

/3.) SM cos GM' sin YG = OM cos HM sin YH- OS cos lA sin YI. 

'With M', the apparent place of the moon for the centre, and with radius MT = the 
moon*s apparent semidiameter, describe a circle representing the moon as it appears in 
situation and magnitude on the infinite sphere to the observer. Let T be • star distant 
from the nx>on*s centre by her apparent semidiameter ; that is, apparently in contact with 
the moon's limb, and therefore undergoing either immersion or emersion. Then in the 
spherical triangle XTM', we have 
(4.) sin MT cos XTM' = cos XM' sin XT-sin XM' cos XT cos M'XT. (Form. 3.) 
(5.) sin MT sin XTM' = sin XM' sin M'XT (Form. 2.) 

Let vm now make 
8M = A = distance of the moon from the place of observation in parts of OM as ra- 
dius or unity. 
06 =s sin V = distance of the observer from the centre of the earth in parts of OM as 
radius ; ir being the eq. hor. par. of the moon, reduced in the ratio 

^ OS 

earth's eq. rad.' 
YH = « 

HM=:a Letalso 

YG = «' YL = A 

GM'=* LT = A 

YI =M M'T = dr 

lA m ^ ^XTM'= r, when «' < A, 

= 360o-r, when «' > A. 

^MXT— -(«'-A), . . . when «' < A. 
= (tt'— A), . . . when «' > A. 
By the substitution of these symbols, equations (1.), (2.) and (3.) become 
(1'.) ^ mn i' =nn i —sin r tin ^. 

01'.) A cos i' cos a' = cos i cos a— sin w cos ^ cos ^. 

(3".) A COS j' sin a' = cos 6 sin a— sin v cos ^ sin ft. 

And changing the notation of eqs. (4.) and (5.) in the same manner, 

(4'.) sin <f cos r = sin 6' cos A -cos i' sin A cos (a'— A). 

(y.) sin d' sin r = -cos i' sin (o'— A). 

The angle r is the angle included between the meridian XT and the great circle TM 
passing through the star T and moon M', — reckoned from O^' to 3G0o j^ the direction XOY, 
or Ro that r shall be between Qo and 180o, when a' < A, and between 180o and 360^, 
when o' > A. 

The next ntep will be to transform in eqs. (4'.) and (5'.), the apparent semidiameter, 
R.A., and Decl. of the moon, into the true ones, — by combination with eqs. (1'.), (2'.) and 
(3^.) For eq. (4'.) the process will be as follows : 
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Here A nn ^' "i^curi in Lhs RreL [erm of the Hrond member, ^ torn f eoa a" i 
leauid, and A >'■'' J' lin s' hi ihe third; lubitimUng the I'alaet of IhcM qnanlitict M J 
gi*en in equ (I'.). (S'.) and I*.) : 



« rini(Inii*r -f- 110*4 I 





.. D.y-. 


1 Aiud.Trig.r 






A un (f COS r = lin J 






■A) 






<inif c 


» 4 + ■in F «■ * 1 




Andn 


ncBinArt.MwebiiYe 


proved Ihat a »ind'=ii: 


nd; 


(7.1 


■mifcMr^riti jc 


osa-co»i«iu Aco-U- 


i) 




-™r)i 


in*™ 


la-coif anaccl^- 


?<««! 


. (5M. n »imH«r. but the 


icier pn 


jceBi bring, out Lhi 




(8,) 


rind8iiir = -TOiiJ 




-A) + ™ipHiD.i 


lino 


Sqilari 


ngeubottlieHeqiuli 




d adding iheir iqui 


ire«. 


M'r = 


•in' All 








0-) 


»..a=i™i^, 


«-A)- 


■«" "■««•» 'in (C- 


-A)| 




+ [Bl.iC«li-CO., 


J >ia A CM (.-*) 





ill the eipuided formula for aeculluion* in An. 96. p. 9] 



e general than (be otber. 



which eqiution ii i. 

The fbrmols jiut demonitmed ii. hon 
poinU X, Y, Z, were choeeii any thrpe poii 

ban ii therefbre univertal, aai may be practically applied to any grenl cinic of ihe i 
yens, uid iu pole. The equator is Ibe one to which the quanliiie* in eq. (1.) p. 96, n 

and iu pole, ihe moon'i orbil and iU pole, [he horizon and lenith, or to any intag 
great circle in the heaveni at the pleaiure of Ihe calculolor. 

Having demonilraled eq. (1.) lo ba thna gencial iu iti npplirolion, eq. (O.) Alt. ! 
comei by the manner of deduclkm bom eq. I, equally uniteraal ; and the eoniOiu 
which we arrive immedialcly nfier eq. (II.) in Art. 97, may be >Eaied wilhoul limi 

" H Uien, oBjr two groal eirclea cut one another at right angles at die point of If 
lo be occulted, p and q will be the coaineg of the am juuung the polei of ibete two n- 1 
cle> with the (nia place of the moon," &c. 
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For conveTling InltrcaU of Mean Solar Time into Equiraltnt InlerraU -f | 
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